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(71) Vt'c, INTERNATIONAL BUSI- 
NESS MACHINES CORPORATION, a 
Corporation organized and existing under the 
laws o{ the State of New York in" the United 

5 Sutes of America, of Arnicnk, New York 
105&I, United States of America, do hereby 
declare the invention for which pray chat 
a patent may be granted to ui, and the method 
by which it is to be performed, to be parijcu- 

10 larly described in and by the following state* 
naent: — 

The present invention relates to data pro- 
cessing apparatus, in panicubr to an Input/ 
Output (i/0) controller arrangement which is 

15 microprogrammable and adapted to connect 
one or more dau channels to one or more 
I/O devices. 
Data processing systems usually include a 
, central processing unit (CPU) which is intern* 

20 ally programmed and has a plurality of input- 
output channels. Inpui-outpui channels in nn 
have a plurality of I/O subsystems connected 
thereto. £»ch I/O subsystem consists of one 
or more I/O controllers or control units; each 

25 with a plurality of I/O devices, such as card 
■ rcadcn, card punches, nugnetic tape units, 
magnetic disc files, and the like. In such dau 
processing 5>*5icm5, the mcst expensive por- 
tion on a limc-use basis i& the central pro- 

30 cessing unit. For imprcvtng cost-performance 
characteristics of such a dau processing sys- 
tem, it is highly desirable that as m^ny of tlie 
funaions relating to 1 /O operations be accom- 
plished without delaying operation of the 

35 CPU. Of course, these functions added to the 
I/O subsvstems must be performed at rela- 
lively low cost, v.*hich requires a minimum 
' of addidonal hardvw. 

Another aspea of I/O ccntroUer dciizn is 

40 flexToib'ty. As the I/O devices cha.nge, as 
channel charscteris;tcs change, the tield 
changes required in the I/O ccntrclier should 
be held to a minimum wiili such changes ccLng 
faciliuiei by the de;;?n of ±z I/O clctroli::. 

45 . According to the ir.vir.tion th.*rc is pr**- 
vided dau proccssixig cppararjs ccmrnsirsr 
a dir.i ch2r..nel centre;!;.' i.':;iudirg finr and 



second interface poriions. each pcrricn being 
adapted for dixfcreni iizTui fcmats. dita iiow 
circuits cltctricaliy interposed between jaid 50 
portions and opersave ro alter irJorczzzior.- 
beahng sierjils in r.cccrdancc wiL-. sf-'d S'g* 
nal formats whereby liciiols nuy be tr.ztizr.zci 
between said portions, and a plurality of 
microprogrammed units each * having a 55 
mcmor>-, an input and an output pcnton. nnt 
and second ot said miCToprocrarrjn-.i uni:s 
being respectively cper^tiveiv csjrciated w;ch 
said £rs: and secc.".d inter: a :e cor:;: as and 
being programmed to esciunge CiT*:rci ?sd 60 
data signal?; thcrew;th, ftnr and scctni iiti of 
exchange rc?is:er<i re«?cciivc:y cc.":nec:ed to 
said 5rst and second m;*ro-prDerjnx;cd uniu 
and adapted to r.'ceivt .wj!:' s:enai5 -"lere-. 
from and supply said resui; signal? to said 65 
data dow circuics ;o conrrd sa.*n'r to ait^r said 
iriformaiion-brannj s.ir^ls: and nrst and 
second gatir.g moans rc5pecuve!y controlled 
by said .nr*t and second niicro-progri.'rimed 
units :o gate Siid rciiii; :icnais ircrr. said 70 
second and nrst vrxih.mge rcsincrs respectivciv 
into said tirs: and scccr.d nucrcprogrcn'jncd 
units. 

Cue embodiment of the present invention 
includes a plurality oi independently operatic 75 
microproerjminabie units ;MPL'*s'. Each 
MPU hai iu own program of microinstruc- 
tions and its own memories. A set of cschang*: 
rcci.^tcn reccr.cs signals from the .''esp':cTive 
.MPL"5 on an output bus. Each .MPL' ha* in- 50 
put gaii.ag mca.ns conn-cted witn the exchange 
rcirisicrs asiociaied w:th Lhc owcr AIPU*$ for 
selectively gating signals therefrorx 

Such fiati-i; means provide rrogram syn- 
chronization. Th^* signals stored in' such ex- 85 
change rezisiers arc simjltaneousiy supplied 
to data nov.- circuits which process iwormation* 
bearing signals between an I/O channel 'Inter- 
face*; and various I/O device?. Th; dara flow 
circu;ts arc r:<ponsivc ;o the cxch.'.nec ."ccisier 90 
sigr.aU to Di'rform signal procissL-.s opir.rio.ts 
tor effecting ct change of itifomauor.-bcar- 
ir.g signals. In such an arrasgemrnt. 'j;e I/O 
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is usually a ccr.trolling svy.cm and the 
I/O devices a:: a sjc:!:r\-icn: sva::.'?.. 

On: MPU r.MPlw;. ir.zv ^: asscci 2:;d with 
the chanr.:! ar.i is ih;n the d.-:i.-an: AIPL'. 
A second cr I/O d:vi:c .\ii>L* .'MPUV^ is 
associated virh I/O cjv::c5 er.u li subsenicni 
10 the cr.r.n:v:: MPL*. 

In o:h:r c:--::-:-::. iz^:::-2] .r!PU's 
may be prcvj^.c, rr.: be:r.c ti-.e dr.: a i;ow 
circuits as a p.-:; cf :r.: c::a riow crcratic- 
In such 5P. insiar.::, iha cv:r..i,-c: ':c-i£:cr; 
direct the c!-:a.;ijv.- :.\Pl' u. rrr-crrr'daii- 
prcc^ss.i:; rpcr.i;:::i on :hc r::'kih rein; c::- 
chanscJ. Th: d-a-ilr-.i- MPi; in ;u:r. supplies 
suius 5:er.3li vij ;:s own exchange registers 
which Uien are sclcctivciv 5an:rJcd bv one of 
the other MPU s. 

Each AlPU r::v be cf simole d.ilzu havin; 
an ALU capal!e of rcrrrrrnir.s n 5i:ii!c micro- 
step dunnr: each cycle of op::a:;on.'A Ii.-n:tcd 
rcpcrioirc of inMmci.on? arc rru-.:Jcd with 
a limited sized ins;:uciion v.erd. For savins 
control memon-, an incrcmenia^ic in5;rjction 
w'ord counter is previded. For rcducinc cost 
of coni:njction» the cxehansc recistrrs' asso- 
ciated with the channel and I/O device 
MPL'*s arc symmetrica !lv designed. 

The channel may trap i.c.'in:errun:^ Lhc 
channel MPU which in tum mav trap the 
I/O device .MPU. W hile the chcr.r.ci AlPU 
is setting up operations for the I/O jubsvsicm, 
a mey hoid the I/O device AIPL' in an in- 
operative state; i.e., no signals of any type 
arc bcL-.g procc5ied. In a moving .T.ed'ia sVs- 

i*^*^' wl?;i;>' '"^^^ ^'-"^^ arc^uppiied 'io 
born MPL's for diacnosiic x-d opera ticr.al 



The 



AlPU h:$ 



ccticns uiih 



I/O ceviccs for addrcssm? and broad suoer- 
4C visory purpc-es. A!i operational aspects are 
cfTcctcd by the device AlPU. The channel 
AlPU may perform di;i;r.ost:e functions simui- 
uncQusIy with the device AlPU cperationi! 

45 la order that the invention mav be fullv 
understood, preferred embodiments thereof 
v.ili now be desaibcd wi;h rcfcrcavc to me 
accompany ins drawings, in which: — 
FIGURE 1 is a simpl=.ned binck di-ram 
50 of c general arrancenicn: of one I/O conircl- 
irr constructed to embody the present 
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nCURE 2 is 



bur umpli* 



fied bicck diagram of an I/O controller v.u- 
ra'CTo"^ f ^"^r *f -^r''^" hcving r.vo 
in^M sinil^ ALU Vlimired cacUifiiv? 

HuURE 3 is 3 simplined bijck dijcram 
of an AIPU usabic wiirt the Fir,-rcs 1 or 2 
60 ij;:i«:ra;eJ I/O controi.'ers: 

FiOUKE 4 is a simpiir.cd data fic;v dia-* 



cram illustra;ir.; trrtsfe: cf signals f:cm iz 
I/O device to a cr.irn:!: 

FIGURE 5 is 3 5:-::i:::c da- i:r:v d:a. 
crim iLu:::2::-2 ciii r-ew irrm a c'zzr.zl 
a.- I/O c:vicc; 

FIGURE '5 ii 2 5i— iincz V::.;: 

shov.-.r.z d;::: f.cw a: -a 

ri:::r:/A:?U r.-:- ■ i.:^.: ALl'. ^ 

FIGURE - i, . 5;-r::::- zr,z::- z- 
?:er.: f.-r MPUX nr. J /'.PUV. 

FIGURES > t."» 3; ;:e .-rrrevii.cc 
irciicns of n:::ro-rc\::fne5 set ic::h :^Vi;'I:e 
7 as tabuiiicd beiaw: 

FIGURE ^^\r>LT,SC\S in AlPL'X 
FIGURE P— IDLESCAX ;n. AiPl'V 



in: 



The foneiion cf interrupt scinninr ij shcv.-.- 



FIGURE :0— DHPRIAIES \"^rx 
FIGURE 11— I'OLL DEPRP-i-S *-i 

AlPUV ' " 

FIGURE i:— A:PUX che::-::r.r At^UY 

starjs and ver;:v;-: rn AIT;* iie:c5S 
received fr.-ni :.-::r:c:e X I\" ."X 
I'IGURE^J?-Al?UX p::!ing'i-:::fc:e V II 

^^C^JR^J^-MPUV re:::n; inuruce V 
:.INTF\) 



A I PUX A 1 : . r .*pr z : c :ns : 
FIGURE 15-.X.::- ' 
FIGURE ]<^X- n-^:a; ;::;:::cn 
FIGURE r— X-ro::cd 
FIGURE l-«X.i:a:us 
FIGURE 1?— X.:er.-r:r.a::cn 

FIGURE ::-X--*r%':ce rr.jm 
FIGURE :?_X-?r:er 
FIGURE X-:<:n5c 



AirUY AITCROPROGRAAIS: 

FIGURH 25— V-trap 

FTGl'RIi :/w-V.ir.i;ia: *'»eciif^n 

FIGURE ::—Y.:c:r:ir.e:;rn 

FIGURE :>-r.\TFY :ca:ch 

FIGURE Motion ccnircJ 

FIGURE ?C— Y-Ar.ie 

FIGURE ?1— W ri:c \R2I 

FIGUPE 5:— vVri- PE 

FIGURE 5?— Y.r:::d 

FIGURE 54— Reed \R2I 

FIGURE ?5— Read PH 

FIGURE S^Y-sense 

FIGURE 5T is a sirr.rlined losic d:a::a.-r. 
showins the rciati^rihi? b:-.icin c-;a "-m- 
circuits and m:croprc::*:m t:.-era:ed' sicncls 
ircni 
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Glossary- of Abbreviation; and Acronyms 
This glossary provides a ready reference to the abbreviations repeatedly used in describ- 
ing ihe invention. 

ADDR Address 

ADDRO Address Out (a command signal indicating 

address signals are being sent in but out 
lines) 

ADDRI Address In (a command signal on INTFX 

indicating address signals appear from C6I) 

A-DEPRIMES DEPRIMES resulting from Channel A 
activity; (see DEPRIME) 

ALU Arithmetic-Logic Unit 

B-DEPRL\IES DEPRIMES resulting from Channel B 
activity (sec DEPRIME^ 

BKDWD Backward 

BOG Branch on Condition 

BOR Beginning of Record (remains aaive during 

entirety of record rcadback signal envelope) 

BOT Beginning of Tape 

BSTWAIT Burst Mode, Wait Routine (MPUX) 

CBI Channel Bus In (lines for carrying dau sig- 

nals from I/O conuoller to CPU via 
IKTFX) 

CBO Channel Bus O ut ni nes for carrying data sig- 

nals from INTFX to coniroUer 11) 
CHNL Channel 

CLEAXGO A routine entered by MPUX when read status 

pcrmiu a read operation to be initiated 

CLEAN IT A routine entered by MPUX to check sums 

during a read initiation 

CMD Command (a control signal) 

CMDO Command Out (a control signal telling con- 

troller 1 1 to change operation in accordance 
with predetermined criteria) 

CMDPARl Command Parit\' (an acrominn representing 

the entry point of an error ana]\*sis routine 
based upon a command parity error) 

CMDPARER Comnuud Parin* Error (the primary entry 
point into an error routine resultirxg from 
a command parit\' error) 

CMDRJT Command Rcjea (an entrx* point into a termi- 

nation program based upon the I/O con- 
troller rejecting a command received over 
CBO) 

CPU Central Processing Unit 

CTI Channel Tag In (a control signal supplied 

from an I/O controller to a data cbaxmel 
concerning ihc interpreution of other sig- 
nals supplied over CBI) 
CTO Channel Tag Out (a control signal supplied 

from a dau channel to an I/O conaoller 
interpreting other signals supplied over 
CBO) 

CU Control Unit 

CUB Control Unit Bus>* (a ug signal) 

D£ Device End (a control signal from an I/O 

device indicating end of an operation) 
DEP Device End Prime (see below) 

DEPRIME Device End Prime (z flag signal in a memory 

unit bdicating a data channel has prcvicuslv 
requested access to an I/O deWce. Upon 
receipt of a device end. signals are supplied 
to the channel to provide access to the I/O 
device) 
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DIAG Diagnostic 

DOTIEMSl Do Track in Errcr Mode Set I an cntro 

point for a mode tcrminaiins progriinv 

EXECDEP Execute DEPRIME .in emr\" point for an 

I/O device microprozrar*! for initiating 
scanrinc for DEPRI.MES 

EXECDES Execute DESELECT the enrn* point for an 

I/O device m'croprcsr:;m uasd to discon- 
nect an I/O divic; ' 

EXECPOLL Execute Poll ;an czizry poL-rr fcr an entr>* 

device microprocrim used to poll 1/6 
dc\'icc sianis) 

F\VD Forward 

GENRST General Reset .'a microprogram;' 

HIOS'OP Halt I/O, Sysicm Not Operating .'a rhar.ncl 

microprogrim used to abcr: an operation 
not yet initiated) 

HIOPERG Halt I/O Operating (a channel microprccram 

used to abon a subsystem operation d-jring 
sub$>-sicm activity) 

IBG Interblock Cap 

IC Instruction Counter 

IDLEPEND A wait routine for the channel micrcrrr^raro 

unit used to wait for funh:r mstmctions 
from a data channel 

IDLESCAN A mJcroprogram used to scan for DEPRI.MES 

IHS Information Handling System 

INSELCHK Initial Selection Ch;;;k an cntrv- into inftiai 

selection which first checks pendin? status' 

INTFX Interface X " ' 

INTFY Interlace Y 

I/O Input/Output 

IR Instruction Register 

LSR Local Store Regis::r 

MIS .Multiple Interface Swizch 

MODETVFE An cntrj* into a micr.-'prcgram whi:h deter- 
mines the mode of operation o: a subs>*s- 
tern 

AlPU Microprogrammatle Unit 

MPUD Microprogrammable Unit =D (used in dau 

flow circuits) 

MPUX Alicroprogrammable Unit =X 'used in con- 

nection wiih a data channel; 
MPUY Microprogramnublc Unit =Y fused in con- 

ncaion with an I/O device) 
MTU Magnetic Tape Unit 

NOP No Opcrauon (do nothing command'- 

NRZI Nonreturn to Zero-IBM (a recording scheme) 

OP Operation 
OP IN Operation In (a tag signal) 

PE Phase Encoding (a recording scheme^ 

POLLMTI Poll Magnetic Tape Interface ,an I/O device 

microprogram which senses the activity of 
various MTU's) 

POLLMTIX Poll Magnetic Tape Interface Exit (an end- 

ing routine for POLLMTI) 

READTTPE An entr>* inro a microprogram to determine 

the t>*pe of read operation instructed by the 
data channel) 

RES Reserved 

ROS Rc2d Onir Store 

RST Reset 

RTN Remm 

SELRST Selective Reset 
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SERVRTN 

SFBKUD 

SFFVCD 

STAT 

STATRTN 

STS 

SUPPREQIX 
SUPPRO 

svci 
svco 

TACH 
TAPE OP 
TERAIACC 

TERAISTAK 

TERAISTKI 

TIE 

TIO 

TM 

TU 

TUADDR 

TUB! 

TUBO 

TUTAG 

>3tC0HIO 

VTCOSTP 

W-RTCKK 

WRTFST 

VCTAl 

XA 

XB 

YA 

YB 



Service Rcmni ^'a channel coordinating micro- 

prcgram) 
Space File Backuird 
Space File Fcr^-ard 
Status 

Status Return .'a microprogram) 
S:an:s ■ 

Suppressible Reqccit In 'a teg signa:) 
Suppress Out (a tag signal - 
Service In lag signal) 
Service Ou: (a ug signal; 
Tachometer 

Tape Operation (a sutus signal) 
Termination Routine, Suru5 Accepted By 

Channel ' 
Termination Routine, Status is Stacked, Not 

Accepted 

v'Sce TERAISTAK, an aiicmaiivc entryV 
Track In Error 
Test I/O 
Tape Mark 
Tape Unit 

Tape Unit Address Register 
Tape Unit Bus In 
Tape Unit Bus Out 
Tape Unit Tag Register 
^'ori Count Equals Zero, Halt !/0 
^-ord Count equals Zero, Stop 
V'nie Check (a ug signal) 
Write First B\ie (an cntr>' into the write 
rouimc) 

Write Tape Mark microprogram) 
Exchange Register XA 
Exchange Reg ister XB 
Exchange Register VA 
Exchange Register YB 
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General Description 

The described I/O controller is particularly 
useful with the muitiplex t>-pe of channel des- 
cribed in the Alcyer et al USA patent 
3303,476. The description assumes a chan- 
nel- I/O controller interface usable u-ith a 
channel of the tvpe described in that patent. 
FIGURES 1 and 3 of that patent describe 
all tap signals used herein e.\ccpt SUPPRES- 
SIBLE REQUEST I\ which is defined with 
rcspca to AlPUX (channel MPU) micro- 
prograins. It also assumes thst the interface 
betvt-ccn the controller and the 1/0 devices 
follows a similar bus-out, bu>-in, tag line 
arraneement. In addition to the functions des- 
cribed in ihe Mover et al patent supra, a 
tachometer inpui line is provicicd to the sys- 
tem^ as later desaibed. 

With more panicular reference now to the 
appended drawings, like numerals indicate 
like parts and structural features in the 
various diaerani!. Informntioa handlin; $vs- 
tcm (IHS^ interface X riNTFX: is the'inicr- 
facc described in the .Mover et al patent. 

INTFX communicates with e CPU via 
cable 10. I/O controller !1, which illustrates 
the present wvention, provides control for 



exchanging infcrmaiion-bearinu sicnals 
?v^??c! INTFX and interface Y .'INTTFi-V 
INTF^ IS connected to cne or more I/O 
devices via cable 12. Such I/O oevicej, fcr 
purposes of illustration onlv, arc macncuc 
upe units capable of reccrdii^r ana reproduc- 
ing mfcrmanon-bcarina sienals in ?hase-en- 
codmg fPE) and NRZI schemes. 

• tlf^""^^®"" sections. 
ivlPUX i$ a microprcgrammable un;r provid- 
ing $>Tichroni2aiion and control functions 
iTm-? I/O controller and IVTFX 
fv^ti- Pf^**'"" functions with 

ivJrQ tape subs^-stcm, 

AlPLT provides motion control and ether 
operational related funaions uniquelv asso- 
ciated with the described I/O device Tith 
other I/O devices, MPLT performs' other 
functions— such as in a printer, a format 
arranecmeni conne! would be orosrammcd 
mio AlPUy. Th; third jcciicn is dara flow 
circuit? 13, which actuailv oroces^es informa- 
tion-bearing signals bcrweeii interfaces X and 
1. Dau flow circuits 13 mav consist of 
cntirclv a hardware set of sequence and cir- 
cuits for performine information-bearing sig- 
nal exchange operations. In an I/O controller 
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associated with a magn:tic-tapc recording 
sysienii such dit; flow circjits include writ- 
ing circ;:-ts for both PE nnd NRZ!, rcsd- 
back circciis for both encoding schemes, 
5 dfsk?\vi::g cccraiions. certain diagnosi:; 
fuuwiio-s' and -err iocgin; opcn::ons asso- 
ciated v.'iih cpcniini! a mignciic tap: sub- 
system. 

' Since .N'ii^UX and MPVV arc indcpcn- 
10 dentiy operable, cich havir.z its own pro- 
gram's CI ri:-ir.-iim:i?c:ions. program svn- 
chronizav-^n ur.d coordinaiion is required. To 
this end. cNcliancc rcsistrr networks ar^ pro- 
vided. Kn:;: MI'UY has its own output cs- 
15 change re?.i^;cri, for example, MPUX h.is 
exchange re -inters 14 whil; MPUY has ex- 
change rcii:avi 15. These registers receive 
output 5ipn^Ii from ih-:: respective MPU's. 
The siancls uxporarily scored in these r^gis- 
20 tcrs arc sirprH-'d dircciiy to daia flow cir- 
cuits 13 fnr enc:;in? ar.d -.iper^-ising dita 
flow and iimui proccs::r»g cperaiior.s. This 
arranecmcnt' makes the dita flow arcuits 13 
subservient to both MPUX and MPLY. 
25 Additionally such ticnals arc simultaneously 
provided to the ether MPU— :ha: is, tzzisicr 
15 suppli'-s -NiFUY output signals to MPUX 
and register 14 supolics the MPUX output 
signals to .MPUY. The respective MPU's 
30 under niicrcprcicram control selectively receive 
such signals for prognm coord innticn. 

INTFX is 3 controlling in;eriace. It not 
only cxchanecs control sisnals with .MPUX 
over cable 16, but also has trap control line 
35 17. VThrn iliis line is actuated, MPLa 
aborts all present op;ration=. and branches to 
a fixed address for analyxinc signals on cable 
16. These siitnals simuUaneouslv supplied 
over cable 16 force MPUX to perform 
40 INTFX 'elected functions. In a similar man- 
ner, MPUX has trap control line IS extend- 
ing to MPUY. MPUY rcforndF :? an actuat- 
ing signal on l^ne 1? from MPUX in the same 
manner thai MPUX responds to a trap sig- 
45 na! on line 17. MPUY. in addition to ex- 
changing control sienals over cable 20. with 
devices via INTH'. also has a trap line 21 
for controlling an I/O device in a simiUr 
manner. 

50 All information-bearing signals are ex- 
changed betv.een interfaces X and Y ihrouch 
data flow cirrjits 13 via full-duolcx cables 
23 and 24. In FIGURE U data flow ciroiits 
13 arc shown as including a third MPU, 

55 MFUT), which has mT;mr.ie control over 
special prcccssins circuits 25 and 26 as well 
as bufler svstem 27. Thcv: special processing 
circuits arc hardware sequences which trans- 
form signzl formats from the rcspeaivc mtcr- 

60 faces to an imctmcdiare format usable m 
buffer sv>teni 27. Merely b>- replacing cir- 
cuits 25 or 2c. ;he I/O controller can oper- 
ate with a p!i:rality of diiTcrcni signal for- 
mau. T'nc micro-r;u::ncs ujjd in •'^IPUD 

65 mav also be required to be changed. Of 



course, micro- routines in .MPU^' might ha\*e 
to be changed if difTcrcm forms of I/O 



devices were jc.'ccted. For txanplc. if e com- 
munication syj-.cm, such a: a uic vision cable, 
were substituted for the nugr.e-ic tape system ^ 
described in '.nis SFccificati?n, radicill) dif- 
ferent nicro-romlnes wouid he rc^^uirtd. 

FIGURE : is a slightly rr:re deir.;;.d :-:£ 
simplifiiu diagram of an 1/0 wontroller cc.r- 
structed in ecccrdancc v.ith the tcechir.wS cf 
the present ir.venticu. The ccn:.-oll:r uses 
hardware -sequenced dau f»^^w circui:^ :5. 
INTFX is the ds:a ch2r.nei described ;n the 
Mover ct al patent supra. Ir.ii:i'i of or.e data 
chinne:, two parailei da:a ch.v.miis .\ and B 
'not shown) are used. Such arr:n?cm*nts are 
well toown. Daia flow circuit^ 15 have cha.-i- 
ncl bus-in (CBI) lines 30 .'•nd channel bus- 
out (CBO) lines 31 conr.:c:ablc to cither 
channel A or B. Each set of lir.fs a cap- 
abiiiiv ot transferring one b*. v cf data p!'j5 
parit)'. S;miiarlv, tar; unit b'i.-in 
lines 32 transfer signals to djia tlow circuiis 
13 and MPUY over INTFY. Tape unit buj- 
oui tfTUBO) lines 53 carr>' information-bci:- 
ing signals for recording in MPU's pl-.:s com- 
mands from .MPUY and .MTU addresses from 
MPUM. Stctui si?r,r.!s are suppii--- i-'-^^^- 
.MPUX and .\IFUY over status cables ir.i 
35. Vclocitv- of Lichomcicr signals supphed 
by the selected and actuated MTU are 
received over line 36 by MPUX. MPUY. and 
data flow circuits 1?. 

MPUX has ojtpuL bus 40 (also termed B- 
bus; supplying signals to its cxchang: registers 
14. These" include branch control re;:s".er 41, 
register X.\, and register XB. Output bu^ 40 
is also connected to the ch-nncl e.xchangi.'.^ 
registers 42. These registers are CTI and CBI. 
CBI is channel bus-in, whi;: CTI is ciia.nnsl 
tag-in. CTI transfers the ug signals described 
in .Mover e: al pitent and other ccntrol Sig- 
nals for interface operations. 

Additionally, chan.nel bus-out .'CBO^ gate 
43 receives bvtes ot dau from INTFX for 
data flow circuiu 13 and for MPUX. Gates 
XA and XB similarly gate e'-cha.igr signals 
from the .MPL'Y exchange register* 15. Gate 
XA recciw uhc control signals from register 
YA while eate XB receives exchange signals 
from register XR. CBI register is shared by 
.MPUX and data flow circuits 13. The CBI 
lines over INTFX arc multiplexed in accord- 
ance with the Moyer ct al patcni CTI supphes 
tags indicating wiut the bu*-in signals mean. 

INTFY* operates in an identical ma-iner. 
Signals in TUBO (tape unit bus out) reeister 
output lines 33 are interpreted by the .MTU's 
in accordance with the signals in TUT AG 
(tape unit tag'i register. 

Exicmal signals arc supplied to .MPUX 
and MPUY via external registers 50 ani 51. 
respectively. Such externa- signals may be 
from another I/O controller, from a mainten- 
ance panel, co.Timunicaiion n:tv.\?ri:. TT.i the 
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like. Also, hardware detected error? ::re lodged 
in register 52 for sampling by .MPUX. 

I/O controller U has an cUicicn: initial 
selection process. MPUX responis lo INTFX 
request for :e:vicc of an MTU to provide jhe 
MTU a dares.-; ever eu:pu: lin; 40 imo TU 
ndcrcss register 60. INTFY :r2.- .fers :hc TU 
■?..-idress to all AVTUV. The ::pprcpriateiy 
bddrcssed MTU :::?jnas i) MPUi' th.:r the 
iciecticn is perr.aii.sjcic or net pennissibie. If 
pem-i: arable, a connection is T.:.d:; .\1PUV 
nociries MPUX via rei;is:er YA. MPUX then 
completes the initial i.;Iection by responding 
to INTFX via CTI. Data proccfS;.-:r. opera- 
tions then can cuiu'e. A ceuilcd description of 
this initial selection preeedurc is i.ncluded for 
clc?.rlv showing the relitionihips bctv.-een 
MPUX. MPUY, data ".cav circuiis 13. and 
the nvo interfaces X and Y. 

MicroprograniMblc Units (MPUY; 
The MPU's contain niicrnpro5ran:*s ^rhich 
determine the logic of operation of I/O con- 
troller 11. MPUX ccr.uins a set ot micro- 
programs in its contrcil memory designed to 
provide responsiveness and data irr.nsfers wih 
INTFX. In a similar nenncr, MPUY con- 
tains a set of microprograms for operation 
through INTFY v/iih xhc various MTU's. 
Registers 14 and 15 cor.uin signals from the 
respective microprograms which ser^'c as in- 
puts to thf respective programs for coordinat- 
ing and s\Tichron;zing execution oi various 
functions being pcii::.rmed. MPUD. when used 
in data flow circuits 13, contains another set 
of microprograms designed for transferring 
data signals "between the two interfaecs for 
effecting data procci^ins cpcratioiis under the 
joint supervision of MPUX and MPU\'. A 
better understanding of how the micropro- 
grams operate the hardware is anaincd by first 
understanding the logic eonsir\;c;ion of the 
MPU*s which, in the illustrative embodiment, 
arc constructed in an identical manner. 

Referring more particularly to FIGURE 3, 
the MPU usable in I/O controller 11 is des- 
cribed in a simplified block diagram form. The 
microprograms are contained in read-only 
store (ROS) control memor\- 65. Vi'hilc a writ- 
able store could be used, for cost-reduction 
purposes, it is desired to use a ROS type of 
incmorj-. The construction and accessing of 
%och memories are well known. The ROS out- 
put sinuls word, wiiich is the instruction word, 
. is located by the contents of instruction counter 
(IC C6. IC 66 may be incrcmcnied or decre- 



mented for each cycle cf operation of MPU. 
By insening a new set of numbers in IC 66, 
a:i insrmcticn bran:r. opera:: :in is effected. 
The instruction werd from ROS 65^ is sup- 
plied to instruction rcpisier JR' 67 which 
staticizes the sisr.cls icr about one cycie of 
opc.-a:ion. The "ttaticiied signals ere sjp?!i;d 
over cables 6S and i'9 to vjrious units in 
MPU. abic eS carTie5 :.:gnals represcr*:.n:ve 
of control portion:- o: the :r.s:.-e-ion -rrd. 
such as the operaticn code and the liUe. Sig- 
nals in cable 6S are supplied to IC 6> fcr 
effecting branchi.-.; and ins:rj;uon address 
modiua-Ji^ns. Cable 69, on the other hand, 
carries signals rcpresenuitivc of data addresies. 
These are supplied to transfer decade circuiti 
70 which respond to the signals for c^nrrclting 
various transfer gates wiLhin J\\PU. The ctiicr 
portions of the sienals are supplied thr- egh 
OR circuit 71 to ALU 72. In ALU 72. such 
signals may be merged cr ariLhrietically ccm- 
bincd widi signals received over B-bus '? for 
indexing or oLher data procesiing oper.rJon:. 
MPU has local store rcgisur memory .'I.SR: 
75 accessible in accordance with the aedresi 
signak carried over cable 63. Address cheei; 
circuit 76 verifies parity in the addreij. The 
address signals may also be used in brr.nci; 
operations. AND Cire;:i;F. 77 arc responsive to 
tramfer decode signal." supplied from circuit 
70 through AND circuits 7S to transfer the 
addrcs; signals in an instruction word to IC 
66. Such transfer may be lir.der direct conael 
of the operaticn poruon of uhe instruction 
word as determined by transfer decode cir- 
cuits TO or may be a branch on condition 
CBOO as determined bv branch cen-.roi cir- 
cuits 79 which selectively open AND c;rcuiis 
77 in accordance with the conditions supplied 
thereto, as will become apparent. 93 

The data flow and arithmetic processing 
properties of the MPU center around ALU 
72. ALU 72 has two inputs — :he A-bus from 
OR circuit 71 and B-bui 73. ALU 72 supplies 
output sicnals over cable SO to D regi.>ter 81. 100 
D regisic'r 81 supplies staticized signals o\xr 
D-bus 82 to LSR 75. Instruction decode cir- 
cuits 83 receive operation codes from IR 67 
and suppiv decoded control signals over cable 
84 10 ALU 72 and to AND' circuit 7S for 
selectivciv transferring signals within MPU. 

ALU 72 has a limited repertoire or opera- 
tions. Instruction decode S3 decodes four bits 
from the instruction word to provide 16 pos- 
sible operations. These operations are set fonh 
in the Instruction Word List below: 
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OP Code 
0 
1 



Instrucuon Word List 
Mnemonic Funaion 
SrO Store Constant in LSR, A set to 0 

STOH Store Consum in LSR, Indexed Addressmg 

BCL Match with Field 1, Branch to Addr in Field 

BCH Match with Field 1, Branch to Addr in Field 

2 
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XFR 



J = 



10 



15 



5 


XFRH 


6 


BU 


7 


00 


S 


ORI 


9 


OKW 


A 


AND 


fi 


ADDM 


C 


AND 


D 


ANDM 


E 


XO 


F 


XOM 



Contents of one selected LSR loczihn is trans- 
ferred to selected rcgisier or si!cc:ed mp'j: 
is gated to one selected LSR lociiicn 
See XFR above p:us indexed addrcsjins 
Breach to 12-bit ROS address in instruciion 
word 

Not used— illegal cede 

A OR*d with B, result stored in LSR 75 

A OR'd wi-j; S, result not stored 

A plus B. sum stored in LSR 75 

A plus D, si'jn not s:ored 

A ANDcd with E, result to LSR 75 

A AND:d with B, result not stored 

A Exclusive OR B, result tc LSR 75 

A Exclusivf OR B, result not stored 
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In the above list, the letter "A" means A 
register 85, ' B" is the B-bus, and the 
mnemonics arc for programming purposes. 
The term "selected input" indicates one of the 
hardware input pates ='92, 94. 96, 98) to the 
ALU output bus SO. The term '-selected regis- 
tcr" indicates one of the *^hard\\-arc" registers 
in MPU. These include the interconnect regis- 
ters 14 and 15 (FIGURE 2), tac register 74, 
bus register 99. address register 60, and IC .^iS. 
Note that transfers from LSR 75 to these 
scleaed registers is via B-bus 73. In FIGLTIE 
2, the B-bus for MPUX corresponds to cable 
40, while the AlPUV B-bus is cable 40A. 
Registers 14 receive signals via AKD circuits 

86 and 87. In AlPUY, AND circuits 56 and 
S7 supply signals to cxchansc registers 15. 
Branch control 79 in FIGURE 3 is iIk inter- 
nal branch control. Branch controls 41 and 
41A of FIGURE 2 supply their sicnals res- 
pectively over cables S8 and S7A to the res- 
pective MPU's. These branch controls arc 
separate circuits. Tag register 74 in FIGURE 
3 for MPUX corresponds to CTI rejiisicr in 
the channel exchange registers 42. For AlPUY, 
it cocTcsponds to TUTAG rrgi.itcr connected 
to IKTF^'. In a similar manner, bus register 

87 for AlPUX is rcgisrer CBI in channel ex- 
changing reeisiers 42. while in AlPLT it is 
register TUBO ftape unit bus out). Address 
register 60 of FIGURE 3 corresponds to TU 
address register 60 of FIGURE 2. AlPUY 
address register 60 is not used. 

Status register 8*9 hjs se\'cral output connec- 
tions from the rcspcaivc AIPU*$. It is divided 
into a high- and low-order portion. The hieh- 
onJcr portion has ST.AT (status^ bits 0-^3, 
while the low-order ponion has ST.\T bit 0 
plus STAT bits 4—7 rrefcrrcd to as STAT 
A through STAT D. respectively). The low- 
order ponion is supplied to the branch control 
79 of the other MPUY The bits 0 and 4—7 
arc supplied to the data flow. Bit ' addition- 
ally :s supplied dirccilv to the ALU 72 of 
the AlPUV as indicated by lines 90 in 
FIGURE 2. Thii corresponds to a self-trap- 
ping operation which wiij be later described. 



Interpretation of the STAT bits is micro- 
program determbed. 

The signai-receivin? portior*5 of each AlPo 
arc in four categories. First, bus register 91 
receive tegs snd data bv:cs for 
^VV^i"^^* ccrresprr.ds to CBO reffi;:er 43 
of FIGURE 2. .\n AlPUY bus rcgis:cr 91 is 
TLBI :t3pe unit hu« register. AND cir- 
cuit 92 IS responsive lo xhi tmsfcr citccde 
signals from circuiu-:o to selcaivciv caie bus 
register 91 to D register SI. From ihen.e, die 
data b-.tes arc supplied to LSR 75. Sccondiv, 
D rcgisccr SI also receives inpuu from hard- 
ware error register 93 via AND circuit 94. 
Hardware error signals . parin- errors, ere.) are 
generated in circuit 95 in accordance 'with 
knovm tccl:ni:iues. Thirdiv, AND circuit 96 
receives externa; dau signals over cable 97 
for supplying same to D recister SI under 
microprogram control. FcurJiIv, Lnrcrchangc 
registers 14 and 15 respectivcl'v supplv sig- 
nals to pairs of AND circuits 9S which selcc- 
iiveiy gate the interchange signals to D regis- 
ter SI under microprogram control the 
receiving microprogram ccinrol5 the reception 
of mterchinge signals from the other AtPU. 

Generally, the outgoing signals from each 
MPU are supplied via B-bus 73; also a main 
input bus to ALU 72. The signal-rccei\-ing 
bus is the D-bus, which is u*k input btis for 
LSR 75 and the output bus for ALU 72. 

Since ALU T2 has a limited repertoire of 
operations, many of Oic operations pcrfcrmed 
are simple transfer opera tioni wiihcur arith- 
meuc functions being performed. For example, 
for OP code 4, which is a transfer instruction, 
the contents of the addressed LSR is trans- 
ferred 10 a selected register. This sciccted 
register may be A register 85 in addition to 
the output registers. To add tu*o numbers 
together in ALU 72, a transfer is first made ;o 
A register S5. Tnc next addressed LSR is 
supplied to the B-bus and added lo the A 
register contents uiih the result being stored 
in D register SI. At the completion of the 
ADD r/cle, the contents or result of D regis- 
ter SI is stored in LSR 75. If it is desired 1!0 
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to output the results of the arithmetic opcra- 
licn, then another cycle is used to transfer the 
results from LSR 75 over B-bus 73 to a selec- 
ted output register, such a: one of il:; intcr- 

5 change registers or bus register S7. 

In" FIGURE 5, the input to D register SI 
is ci;h:r cable 44 cr A ': A of FIGURE 2, Hard- 
ware error circuit 95 and error register 93 of 
FIGURl: 3 cerrespcnd bc:h to the hardware 

10 error circuits 52 and 52A of FIGURE 2. 
E*;tcrnr.l cables 97 receive signals frcin the 
externa! rcgistcn 50 and 51 respectively for 
the two MPU's. 
It is understood that .MPUD has a siniilar 

15 set of exchanging reeistcrs respectively with 
both MPUX and MPUY. 

AND circuits 9S of FIGURE 3 correspond 
to the gates XA, XB, YA. and YB of FIGURE 
2. 

20 Each MPU is trapped to a prcdetcrmiucd 
routine by a signal on crap line 17 or lo, 
respectively. The trap signal forces IC 66 to 
all zeroes/ At ROS address 000, the instruc- 
tion word initiates X-trap routine (FIGURE 

25 15) or Y-trap routine rFIGURE 25). For 
reliability purposes, it is desirable to force 
MPUY to inaeiiviri*. This means that clock 
oscillator 98 is gated to an inactive sute. Dur- 
ing normal operations, clock 9S supplies tim- 

30 ing pulses to advance IC 66 and coordinate 
operations of the various MPU's as is well 
known. Whenever MPUY has finished its 
operations, it scu stat D in register S9. Stat 
D indicates MPU\' has finished" its operations 

35 as requested by MPUX. The stat D signal sets 
hold latch 99A Indicating that MPUT is inac- 
tive. Hold latch 99A gates clock 98 to the in- 
acdve condition. When MPUX traps MPUY, 
not only is IC 66 preset to all zeroes, but 

40 hold latch 99A is reset. Clock 98 is then en- 
abled for operating MPU\* . For design choice 
reasons, MPUX is not inactivated in this man- 
ner. MPUX has an idling roudnc which is 
later explained. 

45 Examination of the AiPU's shows that ihc 
computing capability is substantially less ihaa 
that required for ocrforming all I/O control- 
ler functions referred to in the raicroprofsram 
description. Duplication of hardware is useful 

50 to reduce manufacturing costs. 

Data Flow Circuits 13 
The hardware-designed data flow circuits 
13: are shorn in full lo?ic form in FIGURES 
4' and 5, while FIGURE 6 is a simplified 
55 diagram of an MPUY*conrrollcd data fiow 
drcuit. 

In FIGURE 4. data sicnah are received 
over cable 33 before conversion of the d.i:a 
signals from a tape-format fonn to IXTFX 
^ form, Sicnal envelope detection circuit 10O 
verifies that signals arc repetitively received 
over cable 32. Upon detection of an envelope, 
apprcpri::;e slsnals are supplied over cable 
35 to AtrUY.'Also, inpui-gatins circuits 101 



receive an actuating sign:l enabling the input 65 
signals tc be passed to o:ie of the detection 
circuits 102 or lO.V *I'h: ijrmat of the sig- 
nils in input cabic 32 indicates whether the 
ape formet is PE phas: encoded) or NR2I 
^nonreturn tc zcro-IB.M -. i hese two record- 70 
\nz schrmcs are rcsr:r.iv:;v shown in U.S. 
Pa'ienrs 2J3-;.1S6 end 2,7" -J, 646. Control and 
liming cirrjio 104 are tensive to a burst 
e: ones, co."riiw''nly rctcnec to as a preamble 
or postamble, for indiratir.g Lhat a PE signal 75 
is being received. A latch (nc: shown"! is set, 
and the control s-gnals are supplied to input 
gadng circuits 101* to dire:: a^e signals to PE 
Qcieciion circuits 103. Such circuits may take 
one of several forms which is not pertinent to 50 
the practice o; the present invention. On the 
other hand, if control circuits 104 detect 
KRZI, then the input signals are directed to 
detector 102. The outputs of cctccton 102 
and 103 arc in the s.rnc foon^t and are sup- 85 
plied through OR circuit 106 to buner regis- 
ter 107. From thence, the sicnals arc supplied 
over cable 30 as showr. in FIGURE 2. 

Upon dcttction of cncii byte of data, which 
may include dcskcwirj operations, control 90 
signals are supplied over cable 34 to MPUX 
for coordination with INTFX. Additienaily, 
status signals from contrc^l and timins circuits 
104 indicate to MPUX and MPUY' vheiher 
NRZI or PE signals are beins detected. Detec- 95 
ton 102 and 103 may be adaptive — that is, 
their operation may var.* v.-i^h the veiocit\- of 
the tape in the various .MTU's. In PE detec- 
tor 103, the self-clocking ch-.racierisTics cf PE 
may be sufTicicnt to treci; frcGu:n:y vcr.ctions 100 
of the input sienal. In N'RZI ctteetcr 102, 
tachometer signals received over line 36 are 
used to vary the length of the gate— that is, 
in N-R2I detection, the iirst-cccurring transi- 
tion in a bnc turns on a timer having a pre- 105 
determined ti.-nc-ou: p:ri:d. Any signals ccair- 
ring in that time-out period arc defined as 
bcini: in the byte astociatcd v.iili the leading 
hit. As the tape velocity varicf. the bnc-period 
duration varies. Th: techometer sicndi on line 110 
36 alter the time-out period sueh that the 
period varies in accordance with upe velocity 
variations. 

Signal en\-e]ope detection circuit 100 also 
supplies control sigttals over cable 33 indicat- 115 
ing that th: detection threshold in the various 
MTU's should be chanced. For example* if 
there is a track in error .'TIFl, the threshold in 
Lhat particular track thould be raised. MPUY 
additionally controls threshold level through 120 
control sicnals placed in the TU30 register 
to OR wiih signals over cable 33. MPUY can 
uhereforc Jclcctivclv modify or ovcn^idc 
ih.-eshold signals from the signal envelope 
detection circuit. 125 

VC'ritc dau Cov/ is shown in FIGLUE 5. 
The signals to be recorded by the various 
MTU's are received over cable 3 1 and stored 
temporarily in wTiie dau buffer register 110. 
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Note there is no input gating such that write 
data buffer 110 must receive all the signals 
supplied by INTFX. When such a signal is 
applied. MPUX actuates timing and control 

5 chcSns \n to cc::vate AND cirniit 112 in 
iLmed r^hti^nihip with the xvriic signal genera- 
lien *-ira::3 il5. Wrixt ji^nii ecncrition cir- 
cisirs nre i^o:: :*..-. :rn:Iy use:: for r:c::erating 
Vli or XRZI v^r.^.iis, as i* acII known. The 

10 di^itnl gccrraitd siinal: arc supplied over 
cable 33 to ih? aJiiCi^cd MTU. Tcchoirietcr 
sicr.ab rec;;vcJ ovvt line 5C may be used to 
provide ai'ictnatic dcn-itv' control of tlie write 
sijnais such *Ji2: thcxc Is a consum d£n.*-.ii> 

15 rccorc'cd on tape. 

In FIGI RE C. .MPUD is conntctcd rcs- 
pcciivcly to ir.tcnaces X and Y via cables 
30 — 33 th:x3h biirt^r stores 116 and 117. 
Tachon:;tcr sign-ii^ rc reived ever line 56 are 

20 supplied :c a bra::rh corXTcl circuit in *\IPUD 
for con'^'oiii-.g d*r;iity recording during a 
write operauon. .Microprograms in MPUD for 
a read d:ita flo'.v includes microprograicm^d 
liming subroutine: uhich meter the one-half 

25 wave lengths of the input sigiuls. Tlie one- 
half wave length durcrion^ ar; ihen used in 
an analytical prc.crrjn for deienninipg whether 
PE or XRZI is bcirj ::re:vcd. Once this bus 
been sc: up, the program branches to a N*RZI 

30 or PE de:ec::on rouiir.c. The NRZI routine 
includes a time-out .microprogrammed routine 
which performs in the same manner as the 
time-ou: circuitr;.- cf XRZI detector 102. In 
a similar manner, time-out subroutines are 

35 used in the PE detector which effectively 
ni£t:r th- duration cf the one-half wave lengths 
of ihc PE and use uhc information derived 
there froi-n for asccrtairxine the dau content 
of the PE sigrtO". In FIGURE 6, no special 

40 prc^:»iijig circjirs are pwided for MPUD — 
all of the special processing being performed 
bv profframmirc techniques. 

If the arrangement of FIGURE 1 for 
MPLT) is used, special processing circuits 26 

45 correspond to detectors 102, !03, and signal 
generation circuits 113. 

Special processing: circuits 25 merely arc 
ilie buflcr rcgis'xrs shown in FIGURES 4 and 
5. In lite c\xni ih.n IXTFX had jpeeial for- 

50 mats, circuiis 25 cpn\*cn the dcteacd signais 
to the appropriate signal formaning. 

MiCTcpropramming Generally 
FIGURE 7 shoe's general relaticr«ships 
between the micro-routines of MPUX and 

55 MPUY. This showing is greatly simplified to 
give a jcreral imprc*sicn" cf how the micro- 
routines cooperate to perform F/0 controller 
functions. Many cf the functions performed 
by these nicro-reurir.ei h?.ve been pcrfcrired 

60 before in other I/O controllers, usually by 
hardware sequences. Correlaticn of selcaed 
microprocram rourines v.-ith previous hard- 
v.-arc routines are ^: forth in some of the 
deuilcd description following this scnion. 



Some micro- routines of lesser importance 
the prcbcnt invcnuon have been omi::ed for 
clohn*. The dercribed routines were selected 
to illustrate the cperaune relationships cf 
.MPUX. MPUY, 2r.d data* flew eircui;. 13- 

X iJlcscan 120 and Y idlcscor \Z\ mcr.;;:: f 
pendir.-j status, ir.tcr.-up: staius. a::d c 
inter-c.-rir.munieation between the :we ;/.PU*i 
for ajeenuir.:nz the availabilitv or djv;::- 
connected IXTFi'. X idlescui 120 i::;I jccs 
ivzT-z'mz MPUY via V idiesean 121 fe: peilii;? 7? 
IXf FY :o determine avaiiabiiirv c-! an .MTU 
addressed by IXTFX. Included" m X i^ljicen 
is a wait routine which icies MPU.X until 
trapped bv IXTFX. IXTFX ;raps MPUX to 
ROS 65 address 000. At MPUX ROS nddrt'^s c: 
000. X-trap 122 begins. During the c::eeu:ion 
of X-trap routine 122, .NtPUY is trapped 
ROS address 000 to iatcr c:;ceuTe V-irap 
routine 123. In X-trap 122, CTO i:. sensed 
for initinl sclcaicn. If the iri'.ial scicetien t.tg Si 
13 active, X-:rap routine nr£.ie.*!:; the micro- 
program to X-in:tial selection 125. li tr;ere 
is no initial selcaion. then cither X-rcsct 126 
or an ALU diegncstic wiUnin di-^rrnr^:;: 127 
is performed. Upon ccmplciion of th;:e fur.c- S-,* 
tions, X idlescan 120 may be re-entered to 
complete MTU scanning cperaticn;. Ir.i:ii! 
selecticn 125 is responsive to .;er;a:r. hard- 
ware errors received over line 12 S se.-ir.d as 
described with :e<pect to FIGURE 5 ;o stop V5 
I/O controller U for ir.dicatme detected h.-rd- 
warc errors. A prima rv* fui^cticn of initial 
selection 125 is intcm;pt proeessinc. es des- 
cribed later u-ith respect to FIGURES S ci 
seq. 1 : ' 

During an i.'Titial selection. X-pclied 129 
is entered :o furJier identify the INTFX 
request. Also, certain branch ;:ondi:K"*ns are 
set up in LSR for use iater by .X-terniinaticn 
130. MTU addrecs verification nwy re per- IC:? 
formed. Upon completion, cf the breneh set- » 
ups, the X-poIled 129 initiatei X-<:arjs 152. t 
X-siaa;< !?2 activates CTI to ser.d :?5 -isnals 
to INTFX indicating controller status in res- I 
ponsc to the prcviou>ly received INTFX re- K* ; 
quest. Based upon *he branching set up in j 
X -polled 129, the microprogram erccjiion f 
may foiltnv rcveral routes. I'hesc rr:niar.iy end ; 
up in X-ierminr.icn 130 v hieh t'cOTnates the ' 
MPUX operation. MPUX then rcjns fer 115. 
further interrupts. U'iih all scanning com- \ 
pictcd. MPUX waits for funher xn>tn:ciion$ i 
from IXTFX. | 

Another important rouiine is sen-ice return 
rSERVRTN' 135 used in ccniunctien uith iivv 
IXTFX for tuning and control purposes dur- 
ing data transfers. The operation of the abo\e- 
rcterrcd-io dau charmcl operation in .Mover 
ei ?.\ is implemerted by service rerjm 135. 
.\nothcr possible routine entered ircui initial 
sclcciion 125 is X mode 156, which determines 
the mode of opcnricn in ihi- controller in res- 
ponse to INTFX CMDO Commer.d Oji' 
sig.'uls. X-read zyi^z and test 137 i^ entered 
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in. ihc cvcnr ih: initial f elect ion results in a 
read opcrsuon. X-r:jd type and test 137 :raps 
MPUY to predetermined addresses, as later 
explained, for initializing z read cpcration :n 
" MPUY. In i siirib: manner, X wntc 13S is 
enured and also trap* .X'^PUY 10 xnothcr sub- 
routine for in:t:ali2i-c wr;:c operation. Enor 
starjs 139 tranricrs c:r-T nn'orrution uirough 
INTFX to CPU. T>.is r^^^zi^z ii cioiciv ajso- 
ciarcd with iniiializinc I/O controller 11 for 
read or write. Sensa 140 c:;trrcd in rc3pcr.sc 
to a svnsc command. :>:::*;ry trar^srcr: rcnsc 
bvtcs 10 CPU for aru-lysi.i, X-tenmnation 130 
also traps MPUY in ccunccticn with the 
seleaing aciivatcd .MTi:'s ind fnr pcnorni- 
ing other functions in cjnueciion with termi- 
nating zi\ opcraiio.': r'S^iousl" initiated 
through INTFX as will b: doscribcd. MPUY 
micro-rouiincs respond i'^ MPUX niicro- 
rcuiinrs for controtlb./ -irious AlTU's via 
IXTFY. These micro -roui!:"ies aiso^ rninifer 
information control iii.'rals from INT FY 10 
MPUX for retransmiftal to I>rrFX. Up:»n 
bcinK trapped bv MPUX, Y-trap 123 obtains 
an MFUY ROS cJdress trom XB register and 
then branches to that addreis. Such ROS 
addresses arc the fin t i':: miction address of 
se\xr£l MPUY micro pre jrams. For example, 
one address initiaas diagnostic 142. Diagnos- 
tic 142 initiates motion camrol activity in 
motion control 143, .xading activiiv in Y-rcad 
144, wTiiir.j 3Ctivit\* in Y- write 145, velocir>' 
analvsis in Velocity 14 G, or termination in Y- 
tcmiinaiion 147. Diagr.ouic 142 miy also per- 
form interna ! uia^csiic func:ions such as 
ALU operation chcclcir.c. On the other hand, 
Y-tT3p routine 123 may branch to Y-initial 
selcaion 14S tc initialize .MPUY for aaivip^' 
set forth in additional cor.ucl sigrjili from 
MPUX in rc^i-;t;rs 14. This may include an 
initiation of sutus 149, tcraiinauon 147. or 
Y-idlcscan 121. The MTU operating routines 

143 1^6 may also be initiated from initial 

scicction 14S. As will become apparent, in 
addition to cxclianfiing control signals via 
registers 14 and 15. stntus informsiion is 
freely exchanged between the two MPU*5 for 
microprogram coorduiaiion. 

In the following detailed description, the 
idltican routines arc first discussed in detail. 
This discussion shews some of the intcr-rela- 
lionships between the two MPU*$ and the 
miCTO-rou:iriC5. h is also useful 10 show how 
' <tontrol information is transferred from 
MPUX via register? 14 le MPIX as well as 
cxchanae of status information via status 
registers S9 in the MPU's. Then, the MPUX 
micrpprftgrams are described iii simplified 
form to shoxv what function MPUX performs 
in I/O controller 11. Disnjssion of .MPUX 
and MPUY sense show> transfer of signals 
from MPUY to .MPUX via rcgistcn 15. Thi< 
di£cu«ion ii followed b>' a similar d:>cu:iion 
cf MPUY micr??ro2rnm?. Finaliv. 3 discus- 
sion cn the rclaiicnship of data flow circuits 



13 responsiveness to the microprograms com- 
pletes the description. 

Intcrrupi Scarjiing 
Idlescan Microprcgrams — MPUX and 
.MPUY 

FIGURES S ar.d 9 rc.-pc:;iv:!y :l;c-»r in 
inicrrr.ediatc ti voxiisgram f'*rm X- and Y- 
idlciican .•»?;crcpro2:an?>. Pcrticn-; of :r,u: crr- 
grams scan fcr i.^tcrrjpts fror.i INTFX and 
vchfv* the acccbsabllity ot .MTU*:; whether cr 
no: a prr/iou5 INTFX rcq'J.'st had 
received and supplv starjs information to 
INTFX for subsequcrt action. FIGURES 
10—14 are mere dcuilei diau;a;n.- shcv.ir.g 
the functions performed duz'jiz ir.tcr:\;pi 
scannins. This is referred to as DEPRI.ME, 
which iheans DEVICF. END PRIML Vrhc:: 
a .MTU has finished its function, it fupplies a 
NOT BUSY signal. MPUY scans some LSR 
registers called DEPRIMES in which a^rio: 
requests (PRIMES^ frcn; INTFX arc itcrcd. 
Upon receipt of a DEVICE END fcan request 
from MPUX, Y-idlcscan 121 checks these 
LSR registers for PRIMES. Upon dc'urciion 
of a PRI.ME, the asiociated .MTU is -hcd-.cd 
for presence of the NOT BUSY signal. If 
prcser.;, the information is jurriicd ir. .MPI-'X 
for forwardLng to INTFX. \ comparable 
hardware sequence ver?icn cf this sanv func- 
tion is fully described in U.S. Patent 
3,4 W J 76. The design of the present I/O 
conrrollcr enables a 'microprogram perform- 
ance of this funciicn. The microprogrammed 
version reduces costs by crubling ame snar- 
ing hardware arrong varic^us fvr.ctions. 

Upon irJtia! 5 tart up, i.e.. depression of a 
star button, ail siat'j« in the I/O ccr.troiI:r is 
cleared. .MPUX is hardware trrppcd and pro- 
ceeds to execute :* MPUX checkout rcuiine 
.'no: shou-n). MPUY is released from trapped 
status to execute its .MPUY checkout routine 
(not shouTj;. Upon successful completion 'nc 
errors) of both routines .not jhown^ MPUY 
is p.eain hardware trapped and MPUX enters 
IDLESCVN. 

Upon a trap by INTFX. X-trap 122 and 
initial selection 125 arc entered. Then, idle- 
scan 120 is entered for checking pcndmg starns 
and determining interrupt status. The icmi 
"idlescan" is the' code naiiic for entering check- 
ing pcidine status 152. This fubroutiiie is not 
showT. in "funhcr dcuil. The functions per- 
formed are easily microprcgramnublc. Such 
funr.icns include initially rcsening control 
unit bujty rCUB) flag for INTFX. This means 
that the* microorogram determines the busy/ 
no:-busv status" of I/O contrcller 11. Such 
action includes checking fcr stacked requests, 
queues, rcser\-ed pendinc ::=:os of I/O con- 
iroUcT 11, chained. zT.i conditio.-.al ccr.ncc- 
tion conditions. If there is pending status, 
terninaiion 1?0 is entered as more fallv ex- 
pliinci with pjt;icular reference to FIGURE 
iS'. If I/O ccntrolicr 11 is in a chained condi- 
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lion, ihcn the waii-for*sdc:uor. rouiinc 150 is 
rc-cnicrcd unii! INTFX issues the next 
chained command. (Chaining dedicates a 
Al'IT' to a predc:cr:r.i!:cd sequence of opcra- 

5 lions ur.dcr INTF?I ccrircl which cannc: be 
interrupi;;d.) Next, \vhc.rh?r or not a condi- 
tional conn; ei ion hes been meae to INTFX 
is drtcmiirxc. I: 5c, i.e., the cc.-Jic::icn is 
conditioned on ability to perform the funcuon 

10 rcquebted, it nust wzii until INTFX has 
determined whe-JieT or net it wants the sub- 
S3'Sicm induing a .\ITU to perform a givcn 
f unction. A condiiionai conncciioa occurs 
when I/O controller 11 supplies an indicaUon 

15 of an equipment ::iiurc or the like. If noiic of 
the above cendiiicns are detcaed, a pending 
staius register in LoR is cleared. 

In seme peripheral subsystem, INTFX 
actually may consist zi more than one data 

20 channel. Such an arrangement iz called MIS 
(multip!:; interface switch;. Such a switch 
usually hes two dau c::annels, A and B. By 
arbitrary dcAniticn, charjid A has priority 
in requesting service over channel B. When 

25 such a feature is included in iXTFX, check 
pending staius 152 series for outstanding re- 
quests from both charj-.eh and also senses 
priority. STAT B cciire indicates channel B 
and when inactive indieazes channel A. Any 

30 status detected is set forth either in LSR of 
MPUX or in staius recisier bit A, which is 
the iniemal EOC JEranch on Condition). If 
check pending status 152 ascertains there is 
no pending starus and the controller is net 

35 chained, previously received interrupt requests 
for an MTU that were busv arc seamed. 
These arc termed DHV!CI£ El.D PRIMES 
(MPRIMES). Such scanning is fuUv des- 
cribed in U.S. Patent 3,404,376. 

40 Scanning DEPRIMHS recuirc micro- 
routines in both MPUX end .\lPUY. The 
DEPRIMES arc stored in LSR of MPUY in 
four LSR registers as tabled below: 

TABLE I 

45 Deprimes Mapping— LSR in MPUY 



LSR Byte INTFYMTU 

Address Channel Addresses 

111 A 0—7 

112 A 8—15 
50 113 B 0—7 

114 B 8—15 



In the abo\'e table, I/O conrroller 11 has 
the capability* of crmmunicatin? through 
channels A arid B of I>n"FX and MTU 0— 

55 15 of INTFY. Any MiU is eonnecublc :o 
cither channel A or B via I/O comroUcr 11. 
LSR byte addresses 0111 — 0114 arc arbitrarily 
selected. E:rch M ; U has cne bit position in 
the rc5p:c'Jvc LSR byte rccistcn. Each bit 

60 posidcn ccrrespondA to the iatch used in 
U.S-A, Paiont 3.-t04.37f. The micro-routines 
scan LSn lookir.? for cr.c 'PRIMES^ in the 
bit poziiions. Upon dcicciicn of a one, INTFY 



is interrogated to de:crmine the busy /not -busy 
status of the respcccivc MTU. INTFY* replies 6? 
via MPUY indicating whe-Jier or r.o: MTU 
is evailable. If there has been a DEVICE 
END received from the addressed MTU. en 
cfTcciiv; connection is n;ade from INTFX lo 
INTFY for transierrine da:a sicnals ccrwccn 7-: 
CPU and the adresscd MTU. If Lhe S\Tl' is 
busy, the scan proceeds ur.iil a PR I. ME i* 
found or the scan con:ple:ed. No PRLMES m 
LSR bvtes Hi — 114 indicate Lhcrc arc no 
outstanding requests. Therefore, upon cer.> 75 
plehon of a scan \Tiih no PRIMES, IDLE- 
PcND 150 is entered to wait for furJier • 
INTFX action. ( 

In FIGL'RE S, upon completion of check ; 
pending status 152, four subroutines for inter- 60 
rupt scanning arc serially entered. The first 
is X-DEFRIME 154. This subroutine sets up 
MPUX for Lntcrrup: scanning and traps 
MPm- to EXEXDEP in Y-DEPRI.ME 155 
.'FIGURE 9). MPUY subroutine ii5, ex- £5: 
plained m detail later with respect to i 
FIGURE 11, scans its LSR byte registers j 
111—114 £s set forth in Table I. Upon a • 
hit, the M i U address is cupplicd lo irs inter- . 
change regisicr YA: and the 5 bit cf its sut 90 
register S9 is set. MPUX, upon de:':ction of 
stat-3 active, fetches the device address via 
YA gate 97 (FIGURE 2\ Scanning requires 
tJiai MPUX set ia sui-C cii to indicate that 
an MTU is beius selected. iMPLT, upon 95 
sensing MPUY siat C, cnt-rs check .MPUY 
starus" 156. This subrouune not only fetches 
the MTU address, but aise cheeks various 
status bits, errors, and stores L*ie status in iw 
own LSR. The MTU address is verified in 1>.^ 
subroutine 157. 

After address \xrificaticn. .MPUX enters X- 
poll INTFY 155. Subroutine 15S traos 
MPUY to EXECPOLL in V-poll INTFY 
160. In subroutine 160, MPUY polls INT?V 105 
for its acavity and status. As soon INTFV' 
is detected as being active, i.e., the selected 
MTU has responded, the :cannint». sequence 
is returned to .MPUX indicaiinc that INTF^' 
has been polled (MPUY stai C is activcV HO 
MPUX then responds by setting the device 
status in its cni LSR end supplvinc control 
sicnals lo INTFX entitled "SUPPRESSIBLE 
REQUEST IN" which indicate to CPU that 
the peripheral subsystem is available for per- 115 
forming the requested function. MPUX exits 
X-poU INTFi' l.^S to IDLEPEND 150. Ii 
then u-aits for CPU to iniuarc funhcr action. 
.MPUY exits subroutine 154 to wait MPUX 
via POLLMTtX as exolained r/iih respect to 120 
FIGURE n. 

With particular reference n.-^w to FIGURES 
10 a.nd II, the X-DEPRl.ME 154 and Y- 
DEPRI.ME 155 lubroutin:: arc described. 
Interrupt scan is initiated thrcush the entry \Z5 
of X-DEPRI.ME 154 at 163. The firt action 
is to set DEVICE END m LSR and clear 
MPUX sutus register S9 to all zeroes. This 
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ncdon indicates that channel A c:tivir>* is 
bcins checked first and that no MTU is being 
•sciecicd. Then, in test step 164, AlPUX 
dcicrmincs whether or not I/O control!-: 11 
has . been prc^•ioui»Iy rcscnxd by INTFX. If 
it has been reserved, th^n in sicp 165. MPL'X 
deteimines whether cr not it is channel A or 
channel B. If it is cha.nr.el B, stnt B is set tc 
"J" requiring .viPUV to scan channel B DE- 
PKIMES. Oihcrwisr. sia: B is rcsc: iniicaring 
thai channel A DEPKJ.MES are to be scanned. 
In the event iha: I/O controller 11 wjs no: 
rescr\*ed, step 163 i* bypassed. 

In step 166. .MPL'V is ;rapped to Y- 
DEPRIAIE at EXECDEP 155. At this time. 
.MPUX may enter another prog rem re rum ing 
to check MPUY status 156 at somt later time. 
In this description, MPUX id'es until MPUY 
has completed Y-DHPRIME 155. 

Upon being trapped, MPUY enters Y- 
DEPRIME subroutine 155 a: PO :FIGURE 
11). First, MPUY deicrmincs whcth:: chan- 
nel A or channel B is to be scan::;.:. This 
affects LSR addressing during the scan opera- 
tion. Depending on whether chanr.cl A or B 
is indicated by MPUX star B, sicps 171 or 
172 are entered. These steps set MPUY to 
cither scan A or C DEPRIMES. If :;:crc are 
no hits, in the scan, MPUY sets s:ai D ;no 
primes founds in step 173 and waits for 
MPUX. When no DEPRIME h found in 
step 179 at a given LSR location, the micro- 
program indexes the scan in step 177 lo the 
next MTU address. The scan count is also 
indexed. Decision step 17S compares the scan 
count with the number of attached .MTU's. If 
the scan is completed, no DEPRIMES were 
found. Then step 173 sets siat D and .MPUY 
waits MPUX. If the scan is not done, the next 
DEPRIME location is examined in step 179. 

Upon detection of a DEPRIME in step 
179, the MTU address is supplied to Y.-\ and 
Stat B is set. Stat C informs .MPUX t.hat the 
MTU address is available in YA. MPUY at 
ISO then waiu for MPUX to fetch the MTU 
address. When MPUX scu its stat C 
^FIGURE 12, step 1S9), then MPUY resets 
its Stat C for continuing Y-DEPRIME 155. 
As soon as MPUX sets sui C MPUY 
executes step 182 to determine whether or noi 
the addressed MTU is switched, i.e., connected 
to. another I/O controller t noi shown'. If so, 
the addressed MTU is not available: and the 
scan cowinucs via indexing step 177. When 
ihc addressed MTU is available, iu sense dau 
it fetched in step 185. Stat C is then reset. 
Stxi, in decision step ISl, .MPUY determines 
whether or not the addressed MTU is busv. 
If it is bas\*, then the scan :$ continued via 
inJcxine step 17" When the .MTU corres- 
pcnding v.i;h ihc sensed DEPRIME is not 
busv. MPUY sets stai C in step 2 S3 and enters 
Y-idlescan 'FIGURE 9* via POLLMTIX. 
Ir. POLLMTIX 'FIGURE 9\ .MPUY wait^ 
at 1S6 for MPUX to 5c: stat C (FIGURE 



12). MPUX has fetched MTU address from 
Y.\. As soon as MPUX stat C is sensed, 
MPl'Y Clears DEPRIME m LSR and sets 
Silt D to wait .MPU.X. 

Returning now to .MPUX, its last-described 70 
operation was step 166 FIGURE 10*. where- 
in 1; ::app:d MPUY to perform the operaticas 
lusi described wi-Ji r::p:c: ;o FIGURE li. 
.MPU.X may then cn:cr other prcgrani; but, 
cvc.-.tuallv, :t re:u:ns to :hr idlcscan rcutir.e 75 
at 187 of FIGURE 12 f.r checking MPUY 
status. First of all, in step 188, MPUX deter- 
mines v.heihcr .MPUY h^: <zt star C cr D, 
i.e., whether cr net a DEI? RIM P. has b:en 
detected or a scan hr.3 bee:: zompletji. .MPUX 80 
waits at 1S8 until or.e of itit rv.o MPUY stat> 
arc activated. First, assuming that stat C is 
set, then the iMTU address must be vchhed. 
In step 1S9, .MPUX fetches the MTU ad.-!reii 
from YA rcgiiter 15. This MTL- addrcii :s &^ 
then transferred in step U<9 to TU adareis 
register KO (FIGURi; 2'. Simulianecuiiv. a 
tag line to .MTU's in^i shov.r.) entitled 
"selea" is activated sucn that ever>* SVVl: 
examines the address in TU register eO. 90 
MPUX also sets stat C to indicate to 
.MPUY that the MTU is being selected. 
Assuming that MPL'Y stat C remains 
on, in branch step 190, the niicr^- 
rouiine moves to step l?i wherein the .MTU 95 
address is transferred to LSR. This :s a 
memorv* operation such that .MPL'X can per- . 
form later-described ope rat: ens wit'.i recard 
to the selection of the addressed .MTL'. Then 
the X-ierminaticn 130 ii entered at TER.M- 100 
ST.\T informing IXTFX of the acquired 
status data and er*ab!es MPUX to uait for 
further instructions. 

Next, assuming that .MPUY stat C is off 
■MTU address was not in YA\ stat B of 105 
.MPUY is on (.MTL* address now in YA): then 
the routine is re-entered at point 192 there- 
in the MTU address is fetched from \\\. 
When stats B. C, and D arc all otT. .MPUX 
waits .MPUY at 193 until one of the three UO 
stats is set. Assuming next that MPUY stat 
D is set on and stats C and C arc off, further 
sutus checking is required. There may be an 
error. First, if there i* an error, an ALU 
diagnostic {DI.\G 127) is entered. If L*:ere is 115 
no error, it is again checked whether cr not 
the I/O controller has been rcsen-cd bv 
INTFX. If it has been reserved, X-polled 129 
(FIGURE 17) is now entered. This is done 
to detcrmi.ne whether or net the I/O contr.-^ller 120 
has been polled on a rcsen-e status. Simiiarly, 
if .MPUX stat B is on, the same routine is 
entered. If boLh of these conditions are oiT, 
men MPUX sets stat B and B-irtcrfa;.c f!.ig 
: channel B active). After doing this, the roji..-e 125 
is re-entered at point 192 until a change in 
starjs causes the miero-rouiinc to branch to 
one of the other above-described destinations. 

Returning now to the wait o'cle 188, asvjme 
that MPUY srat D is on, It., no DEPRI.MES 130 
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have been dctcctcJ. First, in s:cp 195, MPUY 
error indications zzt checked. If ihcrc is an 
error, a uiagncsiic routine operable with the 
MPUY is entered. If there is no error, the 
reserve status of J/0 cor.crollcr is checked m 
£!cp 196. If it ii r:!cr\ed. c: it controller 11 
is not reserved ar.d AlPL'X iizi 3 is cn, then 
X-poUed 129 shown in FIGURE 13 is entered 
ar POLLMTI. Thi; routine v.ill initiate pol- 
ling an addressed .\;TL' to detern;:::: its status. 
If th: MPu V C is cn, the A DF.PRI.MES 
have bcin scanned such that B D5.PRLMES 
may now be scanned. The B-intcn'acc riag is 
set on, and the iri.:ro-rcutir.c rciurns to ricp 
166 in FIGUni: 10 for traprins AlPUY to 
scan C DEPRI.MLS. 

X-poUed 129 FIGURE 13> is performed 
a: follows. Firsr. in s:cp COvO, LSR registers 
containing motion control and status infcnna- 
ticn arc cleared in preparation for acquiring 
stams data from the polling. In sieo 201, 
MPUX iraps .MPL V lo V-poll INTFY 160 
at EXECPOLL as ncx: expbincd with res- 
pea to FIGURE 14. 

MPUY enters Y-poll IXTFi* 160 via 
MPUX trap. First, in s:cp 202, .MPUY deter- 
mines whcLher or not INTFY is active — chat 
is, arc there any control signals being received 
from .MTU, If ihcrc are not anv, siat D is ler 
in step 205; and .MPUY then waits MPUX. 
Stat D provides ccnrmunication to MPUX 
10 ensure that it will follow the correct micro- 
routine. VCh-n IXTFY is active, selected 
scratch-pad registers call-,-d **work 1" in LSR 
are cleared. Stat B is then set to the active 
condition indicating lo MPUX that IXTFV' 
is active. Then AlPUY proceed,', to waiting 
cycle 204 until MPUX "sets stJt C active 
(MPUY may proceed \ 
40 Meanuhilc, MPUX had been waiting in 
two-step decision c>cl: 205 'FIGURE 13'^ for 
MPU\" to set cither stat B or D. If stat D is 
set and MPUY had been trapped for determ- 
ining IXTFY aaivity, an error may have 
45 occurred in uhe subsystem. Accordiriciv, a 
diagnostic routine is entered. If MPUV stat 
B has not been reset, .MPUX waits for MPL'Y 
to se: sut B in step 206 m FIGURE 14. 
MPUX then moves to raise the select line (not 
50 sho^T) in INTFY and reset; the tape unit 
address register 60 to all zeroes. This initiates 
a scan of MTU addresses until MPUY sets 
sut C cn, i.e., INTFY beconKs aaive. 
This scan loop includes setting stat C in 
55 step 20S causing MPUY to execute Y-scan 
cycle 209. Scan cycle 209 has its correspond* 
ine MPUX scanning in Y-scan ode 210. 
MPUY xvaits at 204 unril MPUX has set 
stat C Ln step 20S. Then. MPUY determines 
60 in step 211 whether or not INTFV* is active. 
If it is active. Lhc addressed .Ml U is readv to 
go; and st^t B is set in step 212. Then/ the 
micro-routine exits the Y-polkd subroutine 
and enters POLLMTIX of FIGURE 9. If 
65 INTH' :s inaciiv;, MPUY in step 213 adds 
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one to the index and sets sut C Scttinc sut 
C inrnnns MPUX the: the addressed .MTU 
was not active. Then. .MPUY wc;ts a: 204 
until MPUX has again set stat C. 

The corrcspondir,?. Y-scan cvcic 210 in 70 
.MPUX 'FIGURE \y- includes a \\z:: zxzi: 
having steps 214, 21.% end 216. Step '214 
senseb v.hcL';:r or re: stat C of .MPUV en. 
If .MPUY stat C is o::. th; scan is i.-iexcd 
by inde.\ing TV address register 2 IT. This 75 
advance: the .MTU addrcisinc step 20S. 
MPUX se;5 s;at C enabling MPUY to pro- 
ceed from .204 FIGURE "14 . In s:ep 215 
(FIGURE 13\ ::ai B of MPUY is 5enf;d tor 
determining ivhethcr or not an AITU hci T.:de 80 
INTFY active. If it has, c\'cic 210 is exited 
as will be later described. Stco 216 is an error* 
checking step. If MPUY sets £:at D, no 
activiry is. indicated. This shcuid be erroneous 
because of the previous aciiviiv of INTFY. 85 
In the event that i: is arjvei a d:ev:n?$tic 
routine is entered. In the event it is oi:. step 
214 is rc-esccuied: and stat C is rose;. 

On detection of ste; B from MPUY. .MPl'X 
informs INTFX th.i: a recuesced MTU i< 90 
now available. In step 21S. a device-ir. r.iv^s 
line in CTO is activated. This inform? INTF:: 
that the MTU is r. vail able. In the si.r.e >tjp, 
the MTU address is transferred from TU 
address register 60 to LSR for future n:i:r.> 95 
program reference. Next, MPUX dcterr/Jnes 
whether or no: the I/O controller is reserved. 
If it hn5 been reserved, a suppresfible request 
in {SUPP REQ 2N' o:i CTI of Uie r=,:r\-:r.g 
channel A cr B is activated. If there ha; been 100 
no rcscrvjiion, the SUPP RtO IN ii xised 
on all channels in INTFX. .MPUX then c:;u? 
to the wait routine in FIGURE S entitled 
"IDLEPEND". 

MPUX Supervisor\- Micrcpro crams 105 
FIGURES 15—24 are simpliried flo:v dia- 
grams cf tnc microprograms uicd in MPUX 
to^ cfi^zi coordination of operations with 
IN'TFX, supervision cf certain aspeci.; cf data 
fiow circuits 13, and efTcctins 5uper\isorv 110 
control over MPUY and MTU's. It shoiiid be 
understood that these microprograms mav take 
several forms and sJll c*;ec:'aJvan:ace5 of 
the present invention. Pribram segmc-.taiion 
techniques may be urcd v.ithin the micrcpro- 1:5 
grams. For brevity, it is assumed that prc»gram 
segmentation has been mi.iimizcd. 

The order of prcscnration cf iheic programs 
follow gencraily the execution ct iniuai swlec- 
tion processes as well as eommunicaiion during 120 
burs: and other modes of operation. The 
microprc crams that arc dcsaibed in moderate 
detail are trap, initial selection » polled status, 
lermina'jon, and sense. Rc*:tine> rc:d :vpe 
and ic»i and write arc utilized durirsr burst 125 
mode. Service return is u.<ed in limi.-:.-' th: 
dau transfers. Error status and the sense, 
reset end mode arc usable u-ith oi.Se* micro- 
programs. It will become apparent uha: AlPUX 
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is co'iiinuouslv monitoring CTO for newly 
,ccJvv:J insirvnicns from INTFX. ADDRO. 
indicaiir.c a new selection cr early tcrmina- 
t'ioiC and CUDO. indicating a change in 
operation, are piriicuicriy ixponam. 

'X-*rap 122 is initinicd bv a trap signal 
receive J from INTFX over line 17 setting IC 
66 (FIGURE 3;. to a!i zcrccs. Irrespective ct 
Uic m:croprc::am bcin? cxccuicd it thr cur- 
rcn- t;nic, this aciicn requires .MPUX to 
obtain the nrxt insinicrion v.crd from ROS 
address 000. Status stored in LSR, as well as 
in the various other registers in the I/O con- 
troller, ensure Uiat no siams data is lest. 

In storing status, step 220 first transfers 
status information to LSR. This includes 
transferring infcrmaticn fron crrrr register 
9?. Tnc sicnals stored in interconnection 
registers 14 arc also transferred to LSR at a 
prcj::lected bvie addrcis such that MPUX rnay 
recover thai information. The imcrconncct'cn 
rcgiuers are then cleared to aU zeroes in pre- 
paration for performins functions requested 
bv INTi-X. In step 221, MPUX samples 
Whether or r.ct CTO is receiving an minal 
selection signal from INTFX. If INTFX is 
indicating initial selection, mitu: s=i«"V5?f -Vc 
as next explained v/ith respect to FIGLi.t 
16, is entered. If it is not an initial^ selection 
traroins operation, in step 222 MPUX traps 
and holds MPUY at its ROS address 0000 
as described with rcspcc: to FIGLRL 3. In 
decision sup 223, MPUX deicrmmes whctner 
or not *Jicrc is a eencral or sclccuve rcict. Re- 
set enables I/O controller to rcs:an in accord- 
ance with INTFX command signals. If none 
of these conditions occjr dunng a uap, an 
error has ccrarred. Diagnostic routines arc then 
entered to determine the source of the error. 
For brcvit\*, diagnostic routines arc not cx- 
' plained in detail. An alicmativc action i: to 
stop I/O controller and light a trouble indi- 
cator for manual intervention. 

Initial sdeaion 125 is explained with par- 
ticular reference to FIGURE 16. The routine 
is entered at point 226 for checking miiial 
conditions in step 22T. MPUX. before it can 
evaluate what the initial selection signal froni 
INTFX means, must determine what all of 
the initial conditions arc for setting up pro- 
gram branching operations to be used later. 
If ADDROi' Address Out> is inactive on CTO. 
/X-polled 129 (FIGURE 13^ is entered. 
ADDRO indicates that INTFX is requesting 
access to torn MTl^ indicated bv signals on 
OiO 'Oannel Bus Oui\ If AUDRO is acrivc, 
I/O controller 11 responds v.i*J) enher ADDRI 
t.MTU is available) or CUB (Conirc! Unit 
Busv\ as will become apparent. 

Further initial co.-.ditien checking includes 
CU '•.aws pendin.-, whether cr no: I/O ec:i- 
trollcr li is Slacked in this crcra:ion. whether 
or no: there is a coniinccni connection, and 
like. Vfiih anv stauis pcr.dinc. the pendine 
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65 address of the MTU is compared with the 



requested address on CBO. If they are the 
same, ADDRI cn CTI is activated. Also, :f 
there was no outs:a::iing sictus pjndm; or 
the addresses arc the same. OPERATION 1> 
is ra:s;:d. 

When MPUX h:s cctcrn::r.:d al: in::ui 
cor.di:ions are sa:i^:actorv OK] fcr^ the 
INTFX request, the initial sjrrru:i.re 22S is 
entered. On the otiier h^id. if tne pending 
MTU 3:!dress does not cc.nr.arc witn the re- 
quested A\TU adircsi, :.^e m:c:eFrcgr.irii 
momeniarilv signals th: inierface nardv.*arc 
that 5cle:tion is net possible. The mtertace 
hardware rewms the CUB sirr.al and cont;r.jes 
for ihc rcn-jrindcr of the selection aitempt. it 
there was a coniingen: connection, IDLb- 
SCAN 120 is re-entered for rechccking that 
situation. If there was nc centLngen: connec- 
tion, MPUX places the ccntrcl unit Li PENO- 
ING STATUS and initiates lemiinaticn 130. 

Initialize 22S dears out old sutus, pre- 
pares I/O conTrollcr 11 for a r.ew operation, 
and supplies signals to INTFX ina.caiL'-.g that 
I/O controller 11 is prepared to yrcceed. The 
MTU address received fro.m INTFX is moved 
to a pending address register in LSR as well 
as to interchange register: i-i for tranrier lo 
MPUY. I: is also supplied to TU address 
rcsiste: 60 for sclec:i::s: the MTU. .MPUY 
is 'then trapped :o fetch MTU addrcs: fvcrr. 
intcrchance rceistcr XA. MPUX then mo\r> 
the MTU address to CBI for verifr.ng with 
INTFX that the correct address was reccivea. 
Initializinc is completed by raising the 
ADDRI signal in CTI and then checking oa 
whether or not diagnostics arc to be per- 
formed. 

If ADDRO is now .-sciive in CTO. tc.Tr.ma- 
tion 130 is entered ^FIGURE 19V ADDRO 
being active at this time indicates INTFX 
v,*ana to terminr.Te the operation. Awcorcingly, 
in termination 130, status is again cleared; 
and .MPUY* is trapped to deselect the prc- 
vicuslv addressed .MTU. The I/O controller 
then returns w idle pendirz 150 to wivt for 
selection. Normallv, ADDRO is not .active; 
and .MPUX waits for CMDO. CMDO tag 
indicates a command signal is appearing on 
CBO. Durint: this wait period, hardware errors 
mav be monitored. For example, if a service- 
out h supplied, an INTFX error has occurred; 
Lhcn, I/O controller U stops all operation* 
pending clariiicition of tha: error by either 
manual intervention or subsequent CPU 
diacnosiics and resultant ccntroi signals not 
pertinent to the present invention. 

Upon receipt of CMDO over CTO from 
INTFX, fetch command 229 is entered. The 
coffimand is fetched from CBO. checked for 
pariiv error, and analvzcd by MPL.X. For 
example, there mav be a test I/O (TIO:, a 
no operation (NOP), or rcaa, cr wtuc, or 
other form of command. Durmg letch com- 
mand, hardware errors, pending suws. stacltcd 
suius, and the like arc checked again. If 
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Status is pending or sucked and the com- 
mand is not TIG, then MPL'X supplies a 
CUB I\*TFa— iha: is. I/O ccnu-ol!cr is in 
ihc n;iddl: cf a sec acncz of opcraiions and 
5 cnn:ic: re:::vc ad:ii::or.3l asiienmcnrs. 

Duriiig fetch c:n:::i:r.i ZZ^~\ several brxndi 
cor. Ji lie:;:, s:.- ::: i:p ij L'iR tc: laiw: u:r by 
Airr?-!. I-.ir eA,!-.:p.r, if_s:a;us is pcndir.^ or 
rtackti zT/1 xhzzc i. .i i!0 command, tncre 

10 ra-c thr.c possible rouibcs used in ;hc X- 
tenrJnH::;:r. 130 fcr cv.T;p:::L-.5 this poni^M of 
the mi.*:o;?;.)grii:5. T;:.- nudnc execute i is a 
function of various co::d;;:cns in INl'i-X and 
AiPUX. Also, \vhr:h:: o: not the addrcucd 

15- MTu is buiv is :hcc;::d. !f addressed MTU 
is busv. scvt-ral vrzr.zh conditions arc sc: up; 
the iMTU i.usv siiiu:- is sent to IK7FM by 
status 132. Also, i; a diagnostic fiaj fn?m 
INTFX on CTO is a:i;vc, diagncsiic 127 is 

20 entered. If none o: u-*e above tags occur, de- 
code ronrrjind 230 is entered. This last arJon 
is initiaJoZi of a dzin nroe£:s:ng operation such 
as read, v.-rite, tnd t*:; like. 

Decode cemmand 2i0 takes the CBO s:g- 

25 nals and inai^-zes th:ni for determinin;: what 
f una ion ii lo be pcrfonned. Tne micropro- 
gram branche? Iz aceordanc; with the com- 
mand code on CBO to either X-rcad type 157, 
X-wTitc 13S, error :-^:us 139 (based upon a 

30 command rejen), or initiating motion conn^ol 
such as rewind, forward space, erase, and the 
like. These routine executions replace hard- 
ware sequence* in earlier I/O controllers. 
Since the functions are u'elJ known, Lhey are 

35 not Ml further dercribcd. 

For in:::al selection, X-polIed 129 is cen- 
tered if .ADDRO is no: aeiive. The initial 
selection trap •.viuh ADDHO inactive indicates 
that a r.iicroprcgram rcaocst for service h;is 

40 been her.ored by die 1/6 channel. NormaJIy 
requests for service are to process interrupts 
found during the DEPRIME POLLMTI 
routines. This micro-routine replaces a pre- 
vious hardware sequence which examines 

45 IKTFX poll request, determines which chan- 
nel (A or B) is polling, and then sets up 
branch conditions for use later on in initial 
selection processing. The first step in X-poUcd 
1 29 checks the status and then activates opera- 

50 tional in tag on IXTFX acknowledging receipt 
of the poll. If sutus is already pending or 
stacked, the corrcspcnding MTXT and CU 
address are already stored' in LSR. If sutus 
is neither stacked nor pending, MPUX 

55 assembles the MTU and CU address informa- 
tion for INTFX. 

In subroutine 234, MPUX determines n-hich 
^ channel, A or B, is polling. This is determined 
by a hardware latch 'not shown) which indi- 

60 cates eiihrr channel A er C. .\ noration as to 
which channel is selectin?: is placed in LSR, 
and all RF.OUEST IN ligi ere cleared. This 
means that I/O controller is no longer avail- 
able for a new request from INTFX. The pre- 

65 sent poll must be completelv processed before 



I/O controller 11 can communicate with 
INTFX ab:u: a nvw request. 

Aficr .MPUX determine J which chenn:! is 
pollL'ig vv::h:n INTFX, the device or S\TV 
add::ss is ver:.*icd by si:brrutc.e 23:. The 



addrcs< is sen: 



to 



rrx vii cBi of 



re5;s:ers 42. A: Lhis itinc. ADDRI tjg is 
raised in rczis:.: 43 indieatin; xhn 0" / in- 
form:.", lirn on CD I is in a:l jrcsi. Hr--:/. ccn- 
diticnj in LSR again ere c«tiKish:d :>r i;>e 73 
later jn by thi mierepa^gram.^ zzir.z initial 
sclce;:c.-i prc'ce:-;j:g. Then, .MPUX v.-j-o u.-:::l 
ei:her t.hc /.DDP.O ug line er Lhe CMDO :ag 
!i:!e is a::iv3:ed. If uhe CMDO is ae;iva:e 
MPUX reiumi st3;u: to IXTFX via X-su:ui S: . 
!32. If ADDRO is aetivatcd, HIONC? sub- 
routine in termination 130 is entered. This 
subroutine resets I/O ccntroHcr 11 a.:d de- i 
selects any selected .MTL'. : 

Status is rjppiicd to INriFX uran its re- SS ' 
q'jest or each time a -CMDO i.^* processed. \ 
I-or cxanipie, cjrinr vcrlrv d-.-vie* ..MTl* 
address in X-pollcd 'l2V>, a CMDO ug was 
sensed lo initiate a status return. Ir. rcs'rend- 
ina 10 CMDO, MPUX er.c:r5 X-srarel 132 90 
.'FiGURH IS^ at STATRTN 25S. Fir*;, 
INTrX is sesnacd in microprccrim cycle 
259. Th."» seen consists of sc.-.nn:r.z fer 
ADDRO. SVCO, and CMDO ta;s. If 
ADDRO tat is active, ihe microprogram 95 
branches to ITRMSTAK in the tcmii.nation 
130 'FIGURE 19\ ADDRO active at this 
time indicates tentiination cf th: I/O cpera- 
tion, theref.-'rc, termination 150 is entered. If 
either SVCO and CMDO are ar.ive, scan KO 
INTFX 239 is reperaed u.-.:il uhose teas be- 
come L-.aetivi This assurance iha: no out- 
bound lagr are active must be pcrfom:ed 
before any inbound ug can be activated. 

INTFX is now ready to receive ftatus in- 13 
formation. ImmcdJaicly. in subroutine 240. 
MPUX ciTccts transfer of status lo INTFX 
via CBI. Scan INTFX cvele 241. idcniical to 
c\de 239, is executed. If CMDO is received 
during cycle 241, .MPUX determines in step 1K> 
242 whether or not CUB was sent. If I/O 
controller 11 is in busy starus. termination 130 
is entered at TERMSTKl as laur cxphined. 
If it is not busy, the stack fiag (nnr show7i> is 
ret— that is, a request has been sucked in LSR 113 
v.hich cannot be processed until the fall of 
SL'PPRO. Then, the microprocram branches 
to TER.MSTAK in termination*! 30. If SVCO 
is aaive, then in step 243 INTFX SUPPRO 
is tested. If SUPPRO is active, the appro- i:^ 
priate larches or flags are set in step 244; and 
stami pending is reset. If SUPPRO is inactive, 
all 'Jie flags in LSR arc reset during step 245. 
The tu'o branches of the microproeram icin 
in step 246 to chrck INTFX CUE larches 125 
mot shov.-nV This checks whether or not any 
other initial selection anemnrs were received 
from either channel A or.B while I/O ccn- 
troHcr U was busy. The miercprogram then 
branches to tcmiination 130 at TERMACC. 130 
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In summary, it can be seen that \n 
the status rojrinc there arc three possible 
branches— TER.MSTK1, TERMSTAK. and 
TERMACC Thj ftrs: iv.o icrmin3::ons are 
based on stacking status and xht tiiird on 
acccpiancc ct status. Tern;ir.a:ion 130 termin- 
ates the p:cscntlv execute J :r.:cro- routines and 
prepares tiic i/0 controller for subscqucrit 
action with respect to INTFX. 
' A' con;,-7ion er/.rv to termination 130 
(FIGURE IV; is via TER.MS TAK at Z r. Ir. 
subroutine 24 S, status v.*i:h IXTFX is 
checked. This includes st.it us pending, starvis 
stacked, operation inactiv., control unit busy 
(CUB), channel A or B r-cicetin?, arc there 
any CUFs, and the lifc;. If there is no pend- 
ing stanis, the program bra.nches to IDLE- 
SCAN. CL'E is a latch .'net 'hour.' indicating 
Control Unit End. >X"hcn CUE is active, CUE 
latch blocks any attempted ?cicc:ior. until the 
controller is no longer busy. 

Upon successful testing of status, a test is 
made for OPERATIONAL IN during step 
■ 249. If OPERATIONAL IN hr.s been raised 
on CTI, an initial selection is indicated as 
being successfully suned. Subroutine 250 sets 
three branch conditions for entering termina- 
tion 130 via statu* routine 152 ('FIGURE IS) 
as previousU- described. If OPER.\TIONAL 
IN is not active, SUPPLEMENTAL RE- 
QUEST IN tags arc established in subroutine 
241. The micro-routine then returns to IDLE- 
PEND 150 of FIGURE 8. 

If there is a command refect by MPUX, 
the termination routine is entered ar 255. 
MPUX sets the command reject unit check 
tag and status pcndinc flags and then enters 
the TERMSTAT at 247. 

Another alternative cnir>- into terminaticn 
130 is via a command parity error 
(CMDPARER and OIDPARIV These two 
points of entry mav be from FIGURE 16, 
fetch command 229. In the CMDPARER 
cntr>', INTFX . sense data is set up. If 
C.MDPAR1 is the eniri*, status pending is 
checked in step 256. If there is status pend- 
ing, the CUB is set in step 257. If there is no 
sutus pending, unit check status pending flag 
is set in step 25S. Then. TERMSTAT is 
entered. 

An independent subroutine in termination 
130 is TER-MACC This subroutine is entered 
when the status supplied to INTFX has been 
accepted. This is indicated bv the receipt of 
SVCO on CTO. A reject of stanjs is indi- 
cated br a CMDO which causes the micro- 
pi'o'gnm to branch to TERMSTAK or 
TERMSTKK For TER.MACC subroutine, 
DPFJIATIONAL IN on CTI is made inaaivc 
during step 260. Then, the stan« of the I/O 
controller is scanned durin; c>-cie Cf.l. If the 
I/O co.itroller is chained or subject to a con- 
ditional connection or reser%'ed. sr.i; P is set 
in step 262. Tnis notiiics MPUY that the 
status furnished to INI FX has been accepted. 



If none of the conditions arc detected in scan 
261, a held latch inot shov.ii} is reset. This 
is a hardv/are latch which informs INTFX 
that the conirullcrs connection to the currently 
selected interface A cr B is being maintained 70 
for one rcasop. or e.^*c;hcr. /iter stat D is set, 
.MPUX waits during wait cycle 264 for 
MPUY to set its "star D, which is an 
ecl-jiowled5er::cn: that it is u-aiting for MPUX 
to proceed or iait'il sjlccticn processing. This 75 
eeuor. is dcscritei in detail later with respect 
to FIGURE 27. 

Immediately upon sensing MPLT stat D 
as being active, MPUX determines in step 265 
whether or not the I/O controller is still 80 
chained. If it ia nc: chained, MPUY is trapped 
in step 266 to deselect or release any MTU 
connected to iho controller. In wait c>xle 267, 
MPUX again waits for MPUi' to set sut 
D. MPUY stai D being set indicates that the 85 
deselection of an MTU has been completed. 
After this action has been completed or the 
I/O controller »> ch.iined« MTV device indi- 
cations in LSR ere cleared for INTFX; and 
IDLESCAN .'FIGURE S » is entered for scan- 90 
nine for additional DEPRLMES or ether re- 
quests. 

In the event the status furnished to INTFX 
durins status 132 is re-ccied, TER.MSTAR 
or TER.MSTK1 is entered. If TERMSTAK 95 
is entered, the hold flag on INTFX is acti- 
vaied, CBI is cleared, aad all channc! tags 
in (CTI*s) arc lescr. In LSR, the I/O busy 
sie.ial is reset in the pending sutus byi*. Then, 
IDLESCAN is rc-c-.icrcd a? above described. 100 

Another entr>- mio tcrmiaaifon 130 is 
HINOP which mean? "halt I/O not opcra- 
ing" (no data processing is occurring in con- 
irolier IIV Halt I/O *:r-eans *'do not con- 
tinue any I/O operations." This entry can be 105 
from several routines, such as from initializa 
shown in FIGURE 16. >X'iih this mode of 
entr>*, MPUX lirit in subroaiinc 269 clears 
the staw.s registers shown in FIGURE 3. traps 
MPUY to deselect the connecteci MTL*. re- 110 
sets the chain fl>s in LSR, clears CSI in chan- 
nel registers 42, and drops all CTI's. The 
microprogram then return; to IDLESC\N 
shown in FIGL'RE 8 for checking pending 
status. 115 

CKiring a recording operation, often referred 
to as "write," there may be a write check 
condition 'a write error has occurredV One 
write check condition is termed U'COHIO, 
which means "word count zero or halt I/O." 120 
Upon detection of a uTiie check condition 
wherein the input/output processLir; through 
INTFX should be held, we statu* surround- 
ing the write check is stored in LSR. Unit 
Jicck izz is supplied to CTI. The status ptnd- 125 
ing fiag*is then set in LSR and HIONOP is 
entered at subroutine 269, as previously ex- 
plained. 

From the above ricscripuons, it can be seen 
thai terminaticn 130 conuins many entr>- 130 
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point? which are closely aisocictcd with tcrmi- 
natir.f^ n particular microprcgratn routine ar.a 
transferring such information to INTFX. 
This, of ccuTiC, is in addiiicn to iransfcrri::5 
ctarus information via fiarus routine 132 and 
error status routine 139. Those U:;er two 
ro*:;i:i;s do not icrnin.n-: a set of micropro- 
gram roaiin:?. 

FIGl KH :0 iilustratrs in simplified fcrm 
rcai-;ypa and test 13". Tor ca:h read or: ra- 
tion, the r:ad-typ* r.-;jti:;c determines the type 
of rend, i.e., XRZI. PU, forward, back'verQ, 
and tli-: lilcc, and t:5ti conriticns of the tys- 
lern aficccins a read operation. In subroutine 
270, th: ccr.mand rcccivc.i from IXTFX ^*:a 
C30 n3 is :n:crprcted. If a sense opcraiior: is 
initiated, scr.:e 140 is entered. The purpose 
of a sense routine is to fetch sense data, i.e., 
status infcm?.a:ion end tht iike, for INTFX. 
If the commiiid received bv the I/O control- 
ler is illegal, the connienJ is rejected with 
the tenViiuation 150 beinj entered ai COM- 
REJCr which then supplies a unit check 
condition to IN i FX. If lite ccnunand is TIO 
(tc5t I/O), the iinl: 1 regiiicr in LSR is set io 
TERjMSTAi* for use lalcr on in the tcnnina- 
tion prcecduies. If tlie command ccnccms a 
read operation, .MPUX in subroutine 271 pre- 
sets Lhe coatreUer for reaU in cither th; for- 
ward or backward dirc:;ien. Then, .MPUX 
sets the linl: 1 regis ter in LSR to subroutine 
"CLEAN1T\ 

Upon acccptenee of a.iy eomniand in the 
ius:-dcrer:bed proeessing, th.* TU test routines 
are entered. These te:: roLiinwS niay also be 
entered from initial scieeiion 125. if the com- 
ir.ihd ij TIO, step -72 tecis whe'Jicr or no; 
iMPUV st;u C is ?ciivc. If it is active. ij!e 
status cf the .MTU is such ihac unit check 
must be returned to INTFX. 'ihis is accom- 
plished bv causing the micro-routine to branch 
to icrainatio,; 150 at CMDPAKi— that is, if 
MPUY siai C is active, MTU status is im- 
proper fcr a test I/O opcraiion. If the stAt 
C of MPUY is off, the micrcproeram branches 
through link 1 rcsister LSR to TERMSTAT 
at 247 of FIGURE 19. 

Upon initiation of a read ccmm.ind via sub- 
routine 273. all of 'Jte senic data in comroilrr 
is clcare.i during step 27?. Test step 272 is 
performed a> previously described. Another 
cntr>* inio the test routine is PROTEST. In 
this cntn-, rvo decision steps 274 and 275 
check fnr star C of MPUY and file protect. 
If ;r:?L^i 5iai C IS on, .MPUX resets sense 
and eiecuies step 272. If MPUY srat C is off 
und Lhc fi?c protect is off, .MPUX liocs Uirough 
reset sense step 273 to branch link 1. !f the 
file proter, i? on, i.e., a vritc is illegal, it '.vili 
po 13 ect.ttmand reject cnirA* of icrminaticn 
130. 

From th: above description, it can be seen 
the: the .NIPUX read :c-:ina is merely a supcr- 
viscn- cpcration. The ::cr3;Ied read oper;:ion 
conrrol is handled by MPUY wiUi ilic data 



processing circuits 13 performing the actual 
data processing functions. 

A similar siruation cccur: in th: write I3S 
:FIGURE 2 1;.. Initial selection 125 mitiates 
the write operation at 276. in subroutine 277, 70 . 
.MPUX sets up ihr;e branch conditions which 
will be used later on in the write cper;ui.\-i. 
The .nrst on: i-^ VC'RTFb l , wrieh means write 
:irst byiz of data. The second link is ' 
Vi'COSTP, which is v/crd ccunt zero stop. This 75 
subroutine is cnrerci during an creration v. hca 
a CMDO, i^., stop, is received from INTFX 
in response :o the rin; SVCIN tag. The nrst • 
SYCIN tag indie." tcs that the I/O controller 
is ready to receive the nrst by;c of datn fcr 80 
recording. The third possible branch is 
WCOHIO, which means word count zero halt 
I/O, as previously explained. After setting the 
branch conditions, the word ccunt registers 
;tally of number rf bytes recorded^ ere cleared 85 
to zzTOj CBI i.% cleared, and selected scratch- 
pad registers within LSR are cleared. Then, 
Lhc microprogram branches to sen*ice-rcfjm 
routine of FIGURE 22. T.hat roinine informs 
the INTFX that the I/O ecntrcKer is re^dy 90 
to proceed with writing. .After the lirst bvie of 
data has been processed, SVCIN e.ad SVCO 
tags are handled by circuits in signal proces- 
sing circuits 13 and as described in .Mover 
et aJ, supra. 95 

The WRTFST branch condition is entered 
at 2S0 to initiate set-up subroutine 2S1. In 
this set up, proper parity on CBO is checked. 
A word count in the sente registers cf LSR 
is cleared to zero. If a set track in crrrr , TIE"; 100 
mode set lias preceded the write ecmmand, 
mode routine 136 is entered to perform the 
transfer of the mode sei data to ih: detu :l?v/ 
section. This is termed DOTIE.MS1 which 
means "do track in error mode srt routine 1." 105 
The scratch p.id is incremented by one wi:h 
nun:bers being sent to CBI. In sub.-outine 232, 
MPL'Y is trappeJ to perform a write com- 
mand as descriecd with respect to write 
routine 145. Next, scan cycle 2S3 is entered. 110 
If ADDRO is up, error status routine 139 is 
entered. If .ADDRO is up at this time, it 
means tiiat the INTFX wishes to terminate 
the operation: If TAPE OP is up. i.e., .MPUY 
has tet its siat in;*;e.vjnn .MTU i- operable, 115 
;hen nomial write iniiiauon rrutines arc fol- 
lowed. The third p^ inr o: the rem is MPl'Y 
Stat D. If Stat D is ofT, the scan is repeated. 
If Stat D is on, it means that .MPUY has 
lertninatcd its operation and t.^* write opera- 120 
tion cannot be performed. .MPUX then traps 
.MPUY to abort the write and sends in unit 
cheek to INTFX. It then enters diagnostic 
routine 127 to check on the erroneous condi- 
tio.n. 125 

If the TAPE OP condition is satisfied, 
.MPL'X enters wait cvele 2S5. If SVCO is 
stiil active. iJie byte of data to bv rceorded 
has net ye: been transferred to the I/O con- 
trcLcr. .X-; 5orn as SVCO becomes i-iacii^-c, 130 
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scan cvclc 286 is entered. If ADDRO is active, 
HIOPERG {hzh I/O controller bpcriiins— 
data processing bjinc pcrfornr.::! is cnicrcJ 
in the error status 139. If SVCO bc:cm:s 
eciivc again, a dingnosiic routine is pcrfcrnici. 
In step 287, ilic above -rcfcrrccNto work 
register is Licrcmer.^^d and returr.:d to CBI. 
This action concerns a diegncsiic rcu::n: which 
is beyond the scope of uhc prcicr.i 5pe:ihci- 
lion. If CMDO becomes active, the cperation 
is to be terminated. In this sifji::r-, the step 
flag in LSR is se: to :he active cer.ci;::-: and 
ihc burst wail 'BoTW'AIT; cr.rr; to error 
status 139 is follo-Acd. Tnis a:;ion sets iht 
I/O svstem for tenninaiing v»Ti:e. Next and 
las:, MPUY siai D i? sensed. I:* stat D is on, 
it means tha: no .MTU is connected to the 
I/O controller; and the wTite is stopped. If 
stat D is off, iJit '-can is repeated until one of 
the flags becomes active. 

An imponim function within the i/0 con- 
troller which is previously ccrr.rUiely hard- 
ware seouenccd is the ser/ice routine 
rSERVTN^ 135. This routine transfers the 
first byte of datz: thereafter data flow cir- 
cuits 13 secucnre the data signais as shown 
in Mover ct al pn::n!, suora. Firsi. scan c>*clc 
287A * is entered. ADDRO, SVCO, and 
CMDO taes arc sensed. If ADDRO is active, 
a hall I/O' is in Dro:es:. Branch according to 
link 3 as set up in the write initialize is 
enured— thai is, W COHIO. If cither S\ CO 
or CMDO are active, the ican cycle is 
repeated. If all of the outbound t??s are inac- 
tive, .MPUX set:, SVCIN tag in step 2SS. This 
indicates to IXTFX tiut the I/O controller 
is prepared to receive the flrit byte of data 
for recording, or transfer ih-e firs: byte rf da:a 
to INTFa. Inuncd;a;ely after sc"jTg S\%-IN 
tag in CTI, scan vvclc 2S9 is entered. The 
three outbound tegs— ADDRO, CMDO. and 
SVCO— are again scanned. If ADDRO be- 
comes active, the linl: 3 entry to the termina- 
tion routine is entered. If CMDO is sensed, 
i c the I/O opcratinn is to be termi.nnicd, the 
stop flag (LSR) is set in step 290: and link 2 
subroutine is entered ^FIGURE 23). This is 
the normal wav of terminating a data proces- 
sing operation.* Next. SVCO is 5en^ed; and 
if it has not been activate J, the I/O controller 
is not m proceed. Receipt of a SVCO 'ndicates 
thai the I/O controller raav proceed to the 
next step. In a write operation, i^Jn^-^i" » 
..byte of data has been supplied lo CBO; while 
' in a sense, it means tha; the data ha? been 
received br INTFX. Upon receipt of a SVCO, 
branch liiUc 1 is used to rrmm to the desired 
routine. Use of tags in a read operation is 
explained in mere dcuil with respect to 
FIGURE 23. 

Rcferrine next to FIGURE 23, error sianjs 
139 is explained. The burst wan entry 
(BSTW.AIT> is used durnr ;.he burst m:dc 
of operation. Burst mode means tha: channel 
A or B of INTF.X ii dedicated to the trar.ifer 



of data signals from an addressed .MTU and 
a qivcn CPU. Scan cycle 2?2 is flrs; per- 
formed. First, ADDRO is che:i;cd. If 
ADDRO is received, HIOPERG 293 is 
entered. Again, ADDRO indic.ites tha: an 70 
INTFX is atiempang to ter*n:n-:e the con- 
nection. 

The second point in scar, cycle 292 is 
CMDO. If it is eciive, the b-e:>t cp^r.v.ir.n is 
to be terminated. A step flag in LSR :s set, 75 
and branch link 2 e.-.!c:ed rcr stenp:.-.- either 
the wTit: or read crerat on. Xext, the .\iFUY 
SI.V. D is sensed. If see: D if on, the cycle is 
rcini'Jatcd at chat poin:. If iu: D i-» cr.. the 
scan is continacd 'MPUV ha5 finifh:.i i:» SO 
operation and is at wait .MPUXV An error 
condition must exist if this iatter zrozTJLn 
sequence was follo-.vei. MPXTf ALU crrcr. 
arc checked as well a* other eticcpwcn: frrni 
MPUY. If cither of tlicsc arc active, se: sense S5 
s:.irjs 294 is entered; various LSR flags are 
set in subroutine 295; and TER-MSTAT 
en:r>- of tcrr.iiration 150 is entered. This 
means the burst mode is bcins icnninatcd, 
and MPUY is informing INTFX of what 90 
happened. 

Scan 292 is exited in a pcrnial fafhion- at 
296. If MPUY has set a un:; check cannot 
perform a function', then je: flag subroutine 
295 is also enicrci. These tlagi indicate a unit 95 
check status, i.e., the I/O cc;::rollcr cannat 
pcrfonn the desired function. Xcnr.ally, 
A'tPUY did not supply a unit check and 
MPUX determines whether or nc: a seme 
command is btirs c::ecuted. I: so, sense 140 ICO 
(FIGURE 24"/ is'entcrtd. If nc:, i.e., normal 
data proccssin? "peraiior.c are being per- 
formed, a data error is sensed for in step 297. 
If there ztz no data enors, other error ciicck- 
L15 is perfcrnicd in subroutine 298. If errors I05 
are detected, data check cr ouicr fornis of 
error indica liens are provided ihrouch CTI 
to INTFX. If there arc no errors, TERM- 
STAT entr\* of lermiaauon 130 is used. If 
there is a data error, sense bits are 5e; in sub- 110 
routine 299; and the appropriate flags are set 
in subroutine 295 and TERMSTAT icrmina. 
tion routine is entered. 

Returning now to HIOPERG 293, a 
routine is executed in response :o an A.ODRO 115 
coirnmad from INTFX received dunnc other 
operations. First, .MPUX sets the *tcr fla? m 
LiR. resets other flags s»jch as all Cri's. chain 
flag, and sets buiy condition • CUB]' and holds 
for further operations. Ii then goes to wait 120 
c^ele 3C0 waiting for ADDRO to beco™ in- 
active. Upon ADDRO bccomining inactive 
.'INTFX readv to proceed:, MPUX rerjms 
to scan cvclc 292 for scanning INTFX stanis 
and subsequent branching to the appropriate 125 
routine in terminal ion 130. 

CLEAN'GO routine indicate* -Jic stanis is 
"ele;n". i.e.. the I/O ccntrollcr is free ;o pro- 
ceed with the operations. Preset subroutine 
301 is firs: perfcrmcJ, This includes dropping 130 



STKV. EMC 
STX 03141 



20 



U53,770 



20 



all sutus-in tags at CTI and transferring the 
data flow m?.i< to data flcv; circu::s 13.* The 
laner function is deccribrd la:c:. Then, L'; 
decision sicp 302, it is d::c:n:in:d v»hc:hcr 

5 or not a wTii: ccxr.izni u sciivc. If it is a 
write ccirjn:r.d. a wzin :ni:i.-[e vviihin wriit 
138 is cp.:::-:d as previous: y jxpbincd. If 'j'.t 
commanj relates to track in error - TIE,, iht 
write iniiintc cr:nmani is cr.tcrcd as ii is time 

10 shared \vi;h th: TIE fur.ciicn. TIE functions 
have bee:; u::d in hardware scv^ucnccs be;orc 
aai are no: further dcscrit:d. If both decision 
steps rcsul; in nrgauve ans'vcrs. the cpcr^iicn 
is dctcnnir.:J to be a read operation. *MPUY 

15 is ihen iiiippcd durin? step 503 to perform 
Y-rcad 144. BSTOC-'AIT routine ii then 
entered for preparing .MPUX for f-jrihcr 
action. 

Additional Iv, an error statu* 139 is u:eJ in 

20 connection wiiii i topping a write in Vi'TOSTl*. 
It is entered through set sense subroutine 299. 
Also, if there is a*d;;;a chcci;, £:t ;cn:-c :ub- 
routmc 299 i:i executed in preparation for 
entering; termination 150. 

25 In rcspnn*: to .i sense command, MPUX 
enters the FIGl'RE 4 illustrated scnic rouiine. 
MPUX in s?cp 305 dctcnnincs that there is 
saiisfactorv siaiiis clean status; for fon:vard- 
ing ihc status to INTFa. At 306, MPUX 

30 traps MPUV to its sense routine, described 
later with respect to FIGURE 36. MPUX 
stores branch link members in LSR for use 
U»r on. A'iPUV in its sense routine fetches 
two b>ncs of dju for each cycle of operation. 

35 The cven-numbcrcd b\*:cs art placed in YA, 
and the odci- numbered bues arc placed in 
YB. NX'bcn ihe iwo bvtes h^vc been jupniied 
10 exchange registers 15, MPUY :ets stat C; 
and upon completion of furnishing all the 

40 sense bvic^, ir sets its stat D. Accordingly, 
MPUX* at 307 tenses for MPUY stat C. As 
soon as stat C is sensed, MPUX fetches the 
even-numbered sense byxc in YA. It then per- 
forms a rouii.nc at 3 OS for determining whether 

45 or not MPUX thould add bits to the sense 
byte from its own status registers. If yci- addi- 
tional bits are supplied at 309. Then, at 310, 
MPUX supplies ihL- sense byte to CBI. At 
311, sense routine branches to scr%icc routine 

50 for senjing SVCO as was prc\icusly des- 
cribed. 

After sending the cvcn-nu.Tibcred cue to 
CBOi MPUX fetches the odd-numbered b\tc 
from YB and then sets its stat C informing 

55 MPUV 10 fetch the next m*o b\tcs cf sense 
data. MPUX then determines with re5pect 
10 ihc odd-numbered buc5 whether or not 
additional bits should be added: then pro- 
ceeds to SVCRTN zt 312. Upon receipt of 

60 SVCO, MPUX :r?n5fers odd-numbered bvte 
to CBI at 313. MPUX then acair. senses fer 
MPUY' 5ra: D. i.e., whether or net the sense 
operation is conipleic. While weiiin;: for 
MPUY to v,ii C at 314 lindica-'r.c: that 

65 the next tv.o sense bnc> arc available in YA 



and YB), MPUX senses for ADDRO from 
IN'TF.X for determining whether or not the 
sense operation should' br aborted. Before 
determining whc;hcr cr no; all sense hues 
have been* transferred, MPUX resets its 5tat 70 ■ 
C a: 315 and provides a suitable delay. If all 
tense b\te5 have been tr'.'ti! erred, it returns 
to TER.\ISTAT, If move byics are :o be 
transferred. MPUX re-cr/.crs sicp 30?. 

Xhiie .MPUX waits :or MPUY to fetch 75 
sense bvtes .MPUY stau C and D arc off), 
ADDRO is sensed at 316. If .\DDRO is 
active (the I/O connection is bting termin- 
ated", then th: link registers in LSR arc 
cleared at 317. The stop .*lags arc $c: in LSR SO 
and IDLEPEND is entered awaiiine further 
IVTFX instructions. ADDRO being 'active it 
3 IS also causes exit of sense to IDLEPEND. 

In addition to the above- described micrc- 
programs, MPUX aiso performs other func- 85 
tioru. This includes a mode of operation which 
dctcmiincs PE, NRZI, etc., modes cf ooera- 
tion. Such functions being substantial dupli- 
cates of prior hardv.-arc sequences, arc hot des- 
cribed. The rcsc: operations and the special 50 
control operations reside in r. similar categorv. 
The control operations arc ajsoc;ated with the 
later-described motion control routine of 
MPUY— tha: is, ipaee, record, rewind, and 
other medium motion co.ntrols. The initiation 95 
cf such motion co.'-.trols arc well understood, 
and the microprcgran version thereof used in 
MPUX to initiate sucli actions arc one of 
design choice. 

MPLT .Microprograms 100 
Selected .MPUY niicrop roe rams are des- 
cribed n some detail for illusiraiinc :l'.e trans- 
fer of signals from INTPT to .MPUX via the 
interchange registers. For brcvit\*, nc: all of 
MPL-Y microprograms arc described. 105 

As previous! v explained with rcioect to 
FIGURE 3, MPUY while wailing for ".MPUX 
may be forced to a sutic ccndiiion, i.e., the 
.MPUY clock is turned off. This is the pre- 
ferred mode of holdinjt .MPUY. .\n aUcmativc 110 
approach is shown in FIGURE 25 wherein at 
ROS address 999 uncondition.U branch instruc- 
tion (06) is set to return the micrcprceram to 
addrcs? 999. This enables .MPUY to perform 
an endless loop iintil trapped by .MPUX at 115 
ROS 000, At address 000, whether it be held 
as explained with respea to FIGURE 3 or 
FIGURE 25, .MPUY fetches signals from 
register XB. These $ig.nals are a ROS address 
for .MPUY to enter one of the microprograms 120 
now to be described. 

One cf the first routine.^ to be performed 
by MPUY concerns initial selection. Initiel 
felection TIGURE 2t is entered at 
EXECSTS. The hrst step 321 fcte.*!e5 the 125 
MTU addrcis from register X.V In seep 322, 
.\IPUY determines whether muKitacged inter- 
nipt ^MTI'; is pending in the addressed MTU 
connecicd to INTFi". If no interrupt (MTI) 
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is pcpdinj, A'lFUV in step 3:3 fctvhcs ihc 
MTU scnic b;.::: and irar.Si'cr^ v.:r*c lo rczii- 
icn VA and VH. I: ;hcn sets s-nc C intending 
MFl-.X that infc:-r.a;ion is jvailsbi; in regis* 
5 ijfb VA and VP.. I'h.- sense bvic^ ir.rorm 
irnTX as tc^ -j: • z'l— ci ih: MIX'. If :n 
int'.-rrjp: I i. p.n.ir?. MFlY ::i:n pro- 
ceeds 10 check .ViTL' in INTi'V pcIl:::; 
' as cljscribcJ liu* rc5pc;t io FIGURU 

10 :s. 

Cori!i:iu;r»r: n:Av v.-;:h r:spc:r :j MTI b:ing 
i:;a:Ti\c, M?L'V ch;cks ihc condiiicn of \hz 
switch (noi shown ir. IXTFV— thai is, ihc 
AH'U nuv bi sv.iich^d cciwcen cr».' or inore 

15 I/O concrcllrrs. Il, in ::cp 324, tr.c MTU 
is no: coiinccicd :o :nc:hcr >;or.:roii:r, .MPL'Y 
dctcmiincs ai 325 wii.'ihcr or mi :r,-z MTU 
is physically prcsi-n- If i; is nc:. a unit chcci 
sianis is gc:-.jrj:cd a: 531. If ii is present, 
. 20 AlPUY zi step c?.:T:rninc: \vh::hcr or not 
it is busv. If it is bjsy. it djiirmir.:.^ whi'-htr 
or no: the MTU i$ c:;ccuiins a motion com- 
mand. If MTU ii c:;c:uiir.c a n:c;:o:i ccm- 
nand, MPUY at 527 d-crn:ine.- ivhsu^cr or 

25 nc: a SUPPRO is active car.inia::d ciuining 
in prcccsi}. If sc. s:cp 321 is r;-cn;ci-:d. If 
it has been co:npi;::d. MPUV iWzn primes 
for DEVICE EXD at ?2$. This consists of 
sctiin- a DEPraMr bit In ih: rcgisicrs des- 

30 cribcd with respect to ir.urrup: scan. Inis is 
a mechanism ubCvl by MPUY for rccc-rding a 
request fron:j INTFX and for gcitins^back 
10 IKTFX as soon ;:s the addressed MiU is 
made available, i.e., has supplied a DtVICE 

35 EXD (DH;. DE iniicracs the operation a 
device is perforn:inc ha* been vomplctcd.. 
MPUY then cicar? MTU select line and sets 
both stats B and D. and awaits furtiier action 
by MPUX. If there i^ no nr.otion command 

40 sensed at 329, the end-up routine (FIGURE 
27) is entered. The end-up routine merely 
provides a short set cf operations to enable 
MPUY to v.nit MPUX rFIGURE 25\ 
Rciumin? now to step 326, if the addressed 

45 AITU was no: busy, then MPUY dctcrnriincs 
at 330 whether or net the MTU is ready. If 
MTU is not ready, it .-neans power n:ay be 
turned off, a tape reel may nor be installed 
and ihe like. If power ir> turned of?, unit check 

50 siznal is jzcnerated at 551. V^ hen the addressed 
MTU is rendv, MPUX in ftcp 352 sets up to 
the MTU model velocity code in recisier 
YA for data flow control. Nest, in step 35.*. 
MPIT cheek? whether or no: there is still 

55 a DHPRLME in LSR. If not, stat D is set 
<' and MPUY' v.aits MPUX. If Uiere is a DE- 
PRIMFu -NtPL^* «t$ both «ati B aj-.d C and 
enters POLLMTIX of ITGURE 9. 
The Y-fcm-Jnaiion M7 is explained with 

60 rtspca to FIGURE 27. The code name 
"ENDUP" is usrd to indicate .\iPUY is 
entering this routir:v. The purpose of this 
routine is to n:ak? all darn available to MPUX 
and prepare .MPUY for waitir.c for the 

65 ins;ru:ii.n:. Pint oil, MPUY rcscu TAPE 



OP status. This means that MPUY* is in cfTecr 
dosing down data tlcw cperaucn. TAPE OP 
status a:iiv: indicates ti:a: an MTU is con- 
nected to ;.'»PL*Y and is in an operatic r.al 
state, i.e.. transferrin: d^ra sienals. Next, 70 
.MPUY f::;hes the AITU sense bytes and 
stores :hex in ;t5 cv/n LSR. MPUY then 
checks and Ioks a:*:y error conditions that ;t 
rnav l-.avc. 5:at D is ilnallv set, and MPUY 
w^tits MPUX. * 75 

P.ir: oi the initial seieeticn process requires 
MPUY t? poll or search IXTFY. Micro- 
Pro:: rr.mr. c.Vecting this :car::i are shown in 
riGURy. 2S. The loneer progran is entered 
at M riSIiARCH. while the ihoner progre:.: 80 
i. entered zt CilECKDEV. CHECKDEV is 
a porti;m o; tiic MTIStARCK. The hrs: £t:p 
in' MTl SEARCH determines wr.Liiier the 
.MTI fr.v-ki-tagced intcrrjm linc^ is active cr 
ir^ctive tor any\MTU. MPUX his a centre! 85 
line (no: shown) to INTFY that eatcs the 
beicai * 0R" of al! MTU interrupts to 
.\iPUY. I: i: is inactive, sta: D is se: at 3-; J 
and AVPUY waits MPUX. On the other hand, 
if MTI is active, MPUY sets sti: B at 541. 90 
MPUX now activates IXTFY to supply only 
liie MTI indication of ta:- addrc:«ed . MT V 
t»> MPUY and scans all .MTU addre:?^^ :n 
s?aucncc until the MTU ha vine MTI is 
located. DurLng this scan, MPUX and MPUY' 95 
Stat registers arc Uicd to :yp. error.**: the two 
prcjrran:s. !t then waits for MPUX star C a: 
342. Kerr.ember that MPUX s:at C indicates 
that MPUY may proceed. MPUY then re- 
sets its ov>Ti stau li and C and ajiin se::«e^ 100 
^^hcthcr MTI is active. If it is inactive, MPUY 
sets Stat C at 343 and again v.aits for MPUX 
Stat C. This laacr situation indicate: that .MTI 
went from active to inactive star.:s. On the 
other hind, when MTI remains active, stat I; 105 
is set at 544: and .MPUY awaits MPUX 
Stat C to be reset at 345. .^s soon as MPUX 
s.at C is turned o;T. .'it having: been turned c. 
durine wait cvcic 342.\ MPUY enters polling 
r.de 546. As ."^oon as MPUX sets it£ stat C 110 
a:;tive ag.iin, MPUY enters the CKECKDEV 
subroutine. On the other hand, a: Icnr. as 
MPUX stat C remains of!, it will sense 
whether or not MTI is active. If it is active, 
MPUY' then remains in the polling cycle. If 115 
it becomes inactive, it enters tcrmir..'.:ion step 
340 as wili be described with respect to 
CHF.CKDEV. 

CHECKDEV is entered either from initial 
selection 14S of FIGURE 26 or when MPUX 120 
stat C is turned on durins .MTISEARCH. In 
The first aciivifw MPU'Y fetches sense from 
the addressed MTU. Then, in step 34S, 
AiPUY determines whatlier or not the MTU 
i% assigned to I/O controller 11. Remember 123 
that various MTU's m.iy be connected through 
various swii chine devi;:*:s /not sho*.\"n'; :c 
several I/O controllers. If the MTU is not 
assicned to I/O controlier 11, termination 
step" 340 is entered. This involves clearing thi 130 



MTU ugs from LSR. resc:;inp ihc coniicc- 
vion, and sctiir:; sun D. Ncrn^ally, \hz MTU 
being polled is us>:nn:d lo I/O :cntro;!;'r 11. 
In ihii m::arcc, .\l?L*V sets n.u C ai 349 

5 end waiis at 3.*-"' f^r MPU.\ s:at D to be 
tarred on. .MPrX itc x^: D cn indi- 

cn:cs 10 MPU.N. a;;'a;i:v:rv rcoLired for 
MTISEARCil h-, b:cn cc-ir;cu\l AH :ht 
noii-.itv havinr b::r. completed, MPUV rcscrs 

10 AiTU'e: I5l^-^r.f: -.lerb tcrmi::n:icn r.::p 340 
ns previously 

An imports:.: mirriprogren used in prac- 
tically evcr>- MVr creraiicr. cxcep; for sen:c 
and polling is i>.e niocicn cctiuj. pro2:-.7i 

15 shown in 2bcrevr.::d ferm in ri"l*RE 29. 
The entry poir.t ir coded n^; TU?vNARND- 
Tliis prograiTi c:7:::r ail t^pe motion of the 
adrcsscd MTU. Ccr.imar.cs are exchanged 
between MPUY snci u-.e addressed AiTU dur- 

20 ing the metier* conirc! prcgran: rcr cr.rn*ing 
odi motions required for read, write, diagncs- 
tics, and for posiiicnr.r tape in preparation 
for any of the l-ttcr cpcraiions. This program 
is usually not er.ierid by trap op;re:;on from 

25 MPUX, rather, ii ij entered from other pro- 
grams yet to b; ceccribed. .MPUX. ho-.ve%-cr. 
docs have the cr.?ariiiiy of trapping .MPUY 
to this prograr;:. 
The lirst s:e? 355 sets TAPE OP condi- 

30 tioa, i.e., the addressed MTU, is going to 
perform a funciion for MPUY. This condition 
is set in LSR of MPUY. The PH bit is also 
scu Th: MTU is rere: such thai r.cw com- 
mandi from MPUV nay be received. All error 

35 conditions are cleared from LSR. Then, 
MPUY executes a series cf decision steps at 
556 with regard lo lii: ins:rjc:icns leccivcd 
from MPUX in PvEG XE as ue!! as sensing 
condiiions in MTU. The iirsi decision step 

40 determines whether or not MTU is at begin- 
ning of tape (BOT). ^'hen it is no: BOT, 
MPUY executes step 357 to deicnninc whether 
or not the addcci!:d MTU is set in NRZI 
mode. The MTU*s c: this disclosure can be 

45 only set in eiuher NRZI or PE modes. 

Returning now to decision step 356, if it is 
BOT, MPUY dctcnnincs whether or not a 
uTiie operation is to be performed. If yes, 
then MPUY fetches a data mask (a control 

50 word for data flow circuits 13} from register 
XA Ln step 35S and proceeds as will be later 
described. On the other hand, if tiie inrtruc- 
tion from MPUX h noi nritc, MPUY detcr- 
mir^ r.*hethcr or n.?: the conim?.Rd is rewind 

55 unload (run). If net. it proceeds further in 
djrisicn step 356 to deiermine the dircaion 
of morion whether it fhould be a read for- 
ward or a read brickv/ard. If it is a read back- 
ward, an error ccn.1i;ifn occur; and u.nir check 

60 is set a; stc? 359; .-.rd .MPUY crtw-rs ENDUP 
cs Drcvio-jilv deicrih:d. On i.he o!h;r h.ir.i. if 
it is a forward rc.:d, the fllusrrctcJ prcpera- 
torv- steps are followed. 

R;:i:rr:rg rov. m the se::u:nce loi lowed 

65 when initial ccnd::i:r. is no; BOT. Assume 



there is NR2I capabilitv in :he addressed 
MTU step 357:. In stci? It^.. MPUY sets 
NR2I mode indicators in LSR and in data 
fiow cc.ntrol rcaisier XA. Then, :t 561, 
.MPUV determines wh::h:r ihe CwX-.-.ndcd 70 
notion is in ihi forward or backrvard d'^rt:- 
tion. !f i: is in 'Ji: ba:k\var:i direction. .'.ii'UV 
:i r-^: sc:s the :.dirzsi:j. .Mil' the bj.s.vjirJ 
nnic, i.e., 5e:s the cj:r. na.-d .MOVE ri.\CI\- 
W ARD. Ipon a .\;OVE BACKW .\RD, a 75 
fonvjrd hitch :s periorrr.cd at .^65. .A lorv.ard 
hitrh described in detail in UK Pc::nf Nc. 
l-42o61. Then, MPUV cr.tcrs time ::clay 
561 perr.ii;ti.ng the addressed .MTU to 
stabilize upe in coliimns. .^fter this delay, 80 
MPUV set.^ t.ne addressed MTU in the drive 
status at 305. Another delay is in:. "educed tor 
permitting -Jie addressed MTU to ci:;ct the 
command. 

Next, MPUY performs a series o: check: 35 
and sends a final move commend , to -J^e 
iidiecscd .MTU. I-ir^;. it detc"; v.'heii'.:r cr 
not the conuT.and is rc^d for.v::d. If i: rcyd 
fon'.T.rd, MPUY activates the read for.vard 
command line. It '^cn cheeks conmirini sier.is 90 
in iMTU. If the commar.d siarjs is no: all 
right, a fiag in LSR "5 is >e: reiecti.ng the 
ccmmand b.ised upen .MTU errcr. il::? in- 
formation is also fcnvarded to e.vc.ha.ige 
rciiitcrs 15. .MPUY then sets stai D and v.v.iti 95 
MPL'X. No.maily, the command status OK. 
Then, at 366, .^IPLT decs iinai checking 
associeted with the M : U move- tape operation 
as is ue!l luiov,-;! and hcs beer, performed i.-. 
hardwarc-serucnced ccr.rroKer*:. The move 100 
command is then set lo the addressed .MTU. 
rp!iov»:ng this, ,M?UY performs velocity 
check 367. This consists of ccuniinf; ti.r^Lng 
puUes between successive tachometer pulses 
supplied to MPUY over line 36 from the 105 
adJrt£scd MTU. a he counted tjnir.i: pai>..s 
are compered wiih a predetermined numb:r 
for indicating v.hethwr or not velocity is v/nh- 
in predetermined limits. If it is proper. .MPUY 
waits .MPUX. If there is bad vd.-^city, i.e.. the HO 
tape ii moving too ilov;, tachonictcr error i> 
set at 36S. The error iniormaiirjn h supplied 
to registers 15, and stat D i> set durin?. error 
return 369. MPUY then waits MPU.X. 

Returning now lo decision step 356, when H5 
the read bacltwerd decision indicated a for- 
ward direction of mction, i.he foriverd /back- 
ward starus cf MTU w^s sensed a: 370. If 
it already was in the forward dirceticr, step 
365 is entered. On the other hand, if Lhe 120 
corrj*nnd is a forward move and the addressed 
MTU is in backward mode, the MTL* is set 
to the I'orward conditiv^n and time delay 364 
is entered. 

If the operation is :^ be e uTite creraiion. 125 
i.e., TURX.ARSD ir c.vcrcd from Y v.riie 
routine shown in FIGl'RH 30, a djta mask :j 
control word^ 'or use bv dara flow circuits 13 
ii fetched bx .\!PUY h sxepVS. In step ?7|. 
.MFUY sense: whether or no; the write opere- 130 
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tion- is PE or XR2I. If NRZI. step 560 it 
pcrfonr.:d. ar.J t!ic :.cqjcr.:c describe J abov^ 
is follo-.v:J. If ;hc wrti: is TE and PE was 
previously r.cc i.*! s:cp 35;, tiic program 

5 branches \::::^:ly lo s::p 361. 

The V-*.vri:c prcirsm 145 dcs:rib:d v.-iih 
fjspcc; riGlT.r.3 5C. V.. nnJ Aficr 
MPUX ir=p. .\;PUY 10 WRTOP. MPrV 
first set J tiir \vri:e il^j 3": in LSR 75. 

10 Thrr.. TUn::ARN'D niotion cor.t:.:! protean; 
of FIGLTxK 29 is cn:crcd. l*?^n the comple- 
tion of TU:tNARN*n. \r.c h::.::ch .^erup ir.^r 
shown) in step 3"5, v.-hi:h set I'P^^he write 
condiiior., br.ir.-hcs bick to step 3T6 of Y- 

15 write 1-15. In ihis- s::p, MFl'V cc-.":ts lacho- 
nictcr pul:es for r,:::erin5 r. nivcr. amount oi 
tape to forr.i en IIJG. Arte: a prcdeiermined 
amcun: cf ir.pc In? beer, trzr.sporijd. decisicn 
step 377 is entered. If it if a NRZI write, 

20 NRZI write routine 3TS :s rcrforin'rd as shown 
in FIGURE 31. I: PH is tr* bj written, :he 
write PE routine sl-.own in FIGURE 32 is 
performed. Upon ccT.:.r»!ct:rr. of ciLher write 
routine, ENDUP in V-icniii-aticn 147 

25 ^FIGURE 27^ is cn:>:red. 

NRZI writj 37S FIGURE 31; supcn-ises 
operation of d2:a fiO-.v circjiis 13 during the 
write mode of oreriricn for r.-curding da:.** 
received from INTFX i:^ NRZI recording 

30 scheme. A!l of the dis-us?ion '.vith respect to 
NRZI is directed towcrd recording in the pre- 
sent known NRZ recording formars. MPUY 
determines whcihrr or nc; the operation com- 
menced at load point in step 3 SO. If so, it 

35 then sets up a special erase cap cperaticn. 
NRZI mode is set in the sehcted MTU, and 
dau f?ow operations ere 'ct in data flow cir- 
cuits 13. Nexr, if an erase gap U tJ be per- 
formed, an erase subroutine I'noi shown) is 

40 entered. This subroutine raircly requires the 
' addressed MTU to s-ppiv an cr.iic current to 
its transducer for a predetermined length of 
tape. Upon completion of that operation, 
ENDUP routine of FIGURE 25 is entered. 

45 If it is not an erase operation, MPUY deter- 
mines whether or not a tape mark is needed. 
If a tape mark is needed in NRZ! format, 
write tape marl: 5S1 i.- performed. Again, the 
subroutine is relatively simple and merely usca 

50 data patterns placed in TUBO to record the 
standard NRZI tape mark. After Lhc tap; 
mark operation, the rcad-aficr-uTite ponion 
^,«f the write data subroutLie 3S2 is entered for 
' 'chcckhg ihs tape mark. 

55 Gcneraiiv speaking, date flow circuits 13 
perform all of thj wTire signal generation and 
coordination with the addressed MTU. The 
aiidrcs.vd MTl^ must accept data over 
INTFY' as the data flow circuits !3 supply it. 

60 During iJiis period of ti.r.e. coordinatirn n-iih 
INTFX is performed by MPUX by hardware 
sequences, a: descr:b;d in .Moycr et al. supra. 

Manv digital magnetic tape subsysier.is have 
two gnps for each track on Lh-e tape. The up- 

65 stream gap :n a v.riic operaiicn is called the 



v.Tit; gap. v.-hich records data signals on th: 
tepe. The dcv.nau-car.i gap is the read gap. .as 
data is recorded cn ;he tape, :hc :e;o::led d:.:j 
s:?n.ili cventu:ii:y pess ihe reed gap. Al.'r.y 
I/O controllers venty recording opera::cn^ by 70 
v.ha: is xzzrr.ti •'reid--f:er-v.Tiie'* operations, 
i: is inter.i-ed ;l;a: the prcser*:ly described I/O 
conircU-tr be u-c,-*. in this mode, .".o l:mi:aiicn 
:h;re:o inundcd. Da:;; flow circuits 15 may 
inciede hr.rd-.v:::c sequences tor performing 75 
;h:: read-afcrr-Vt-ri-.c function as is well known 



in the ir.ju^trv. Ai:cma:iv: 
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in MPUY can perform supervisory func- 
tions — x\\zi is, V. hja da*j Gow c:rc;:i'.a 15 detect 
a lach «.'f rcadhack. envelope when z rcadback 80 
cnvelcpc iiiouid have appeared in the read 
yap, then a EOC can be perfcmied by 
A-rUV. Su:h 3iOC will indicate to MPUX 
that there is a wTite error, MPUX then 
branches to error Icgginst operations and in- 85 
forms INTFX of the write error. Nom:ally. 
there is no write error; the MPUY n::cro- 
prc;;nm prcceeds to subroutine 3$5 which 
centLiuei the reading operation oven a;ter sie- 
n.ils are .no longer bcinz recorded. The signal 90 
delay betv.ven the write and read gaps requires 
r. supplcmcnt.'iry read opera :i»'*n. Upcn com- 
pletion cf the read and detection of thj end 
o: record, the ENDU? routine in FIGURE 
25 is eniercd. 95 

The phacsophy cf control for recording in 
I've ?r mode follows generally ihst of the 
>'11aI mode. Hcv.ever. because of many addi- 
lionai format rcquircTients knov.Ti of PE 
rcrord-n?, the write PE progrm shov%Ti in ]00 
FIGURE 32 is necci?ar:!y more cc.v.plc:; than 
the NRZI write program. Fjitry into the pro- 
gram is at DOT decision step 3? 5. If :i is 
ROT, a PE format is recorded. After HOT 
operation:, the PF preninble is written i:i step 105 
5S6. The program loop in dash bcM 3?~ is 
pcr*ormed during the bur:: modr of rrcord- 
inc data in the PE mode. A v.rite data com- 
mand a: 33S makes the dnti (low circuits 
suppiv write data. In decision step 339, 110 
MPUY diccks whether or not preamble 
recorded in step 3S6 should be arriving at the 
downstream read g-p as nneniicntd in the 
NRZI mode. If the preamble has not yet 
reached the read pap. beginni.ng of record 115 
decision ftcp 390 is perfomcd. 

DOR fla? in LSR 75 of MPUY is set upon 
the detection of data during the rcad-afier- 
wriic opcraiicn. This should occur v.ithtn a 
prcictem-.:ncd time after the pieamble sta.ns 120 
to wTirc. If DOR is not detected b- the read 
gap, which occurs at the beginning of the 
v.Titf operation, velocity chrck 591 is per- 
formed. This is performed in the same man- 
ner ai described for NRZI. Generally, the 125 
velocir.- check v.ill be OK and loop 3S" is re- 
cn::rcd. However, if the velocity check is bad, 
the write co::dition is reset and end of data 
is sc: reauiring data flow circuits 13 to stop 
recording". Loop 3S7 is then entered for reach- 130 
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Lng v.Titc reset decision step 392 as v.ill be 
i.i:cr described. 

If, in step 3Sy, the prcnmbic should have 
reached or has rc.-.ch-^d the read eap in ihc 
5 rcai-aftcr-writc crcr^iion. the prcjn:blc is 
checked in si:;» This consi?:^ of cc.r.ting 
iJi; number cf sicn.-ls r.\;o:dcd t>.::*\r.. G^r.;:- 
ally, ihe PE p^.:ln^^!c contains forty 7 crocs. 
Th; preamble may be acceptable if ihir:y-nve 

10 7.: rocs arc dctccicd. h ni.ny be assur.icd Lhat 
during the initial rcsyiichrcniza-ion porticr. of 
ilic preanabic the rcccrdcd signal; m.?y not 
be successfully recovered. Upon compleiion of 
ihc d:ecking of ihc proanible, the record must 

15 be con;inucus since wririnz is s:ill :n process; 
therefore, iht prc^r^n gees dirccily lo check 
BOK routine 394. ihis subroutine checks to 
5CC ihai the dair. sizwAi from :he addrc5?ed 
MTU over IN'TFV are still active. This 

20- branch condition remains active cs lonj as 
signals are be in? deleted by the read gaps. 
In step 392, MPUY dtrennines whrJier or 
not the write condition is reset. During nonnsl 
operations, the v/rii; condition will be reset 

25 at the trA of the record as determined by 
IKTFX of in the alrcmative of a dctcc:;cn of 
a velocity error. Vi'hcn write is reset, loop 387 
is edited for :crr:i:nai;n2 the write PE pro- 
gram. Inirially, there is 'a delay provided at 

30 395 to cllo-.v some of the tape to pass by rj\z 
read head. In step 396, .MPUY senses v.heiher 
or not the read gap is still sensing the record. 
If not, there is a wri:e error; and ihe^staras 
of ihc write eacr is se: in s:cp 59". Foliow- 

35 ing this, ENDUP rcutinr is entered. Normally, 
the rcr.d gap would sail be sensing the record. 
Tlie program then senses for end of daia sig- 
nal gencraud by data fiow circuits 13) in s:ep 
398. If it is end of data, iJic dau flow circuits 

40 13 arc reset at 4C0; end the posiamblc is 
ched:ed for proper length of recording. Then 
a series of decision 5 top- ci 401 arc pcrfcnned. 
These check MTU read, write time, ICG, 
TVTitc tape nurk op (WTM OP), and the like. 

45 From these OL-cision steps, rcadback checks 
402 are performed. Based upon the analysis 
of the decision step* -t'Jl and rcadback checks 
402, cither the write error 397 step is entered 
or ENDUP routine cf FIGURE 27. Normally, 

50 ENDUP routine cf FIGURE 27 is directly 
entered. If the DOR is of! but was on pre- 
viously as dctcacd in step 403, series of deci- 
sion steps 404 arc pericrmcd. These determine 
whether or not too many write times have 

55 occurrad, !5G was being written, or a tape 
mark was being v.-rincn f write times arc used 
as a time /distance mensuremcni;. As shown 
in FIGURE ?2. the procram moves to cither 
an error condition or back to decision steps 

60 401 in accordance v.iih the varicu; operating 
stanjses. 

The V-rcad proirram ;s ^hown in FIGURE 
33. This is entered on a road oprration. sr^ce. 
or space- nlc co.TAmand opera ".ion. In the latter 
65 two, the read circuits are operated with a 



Lhrcihold 10'.. inasimu.m. The threshold is 
forced on the data ilov» by .MPUY as ex- 
pleined with respect to FIGURE 2. In tie 
re.id prorr.irr., .WPL'V lirsr cliecks the dircc- 
tier, of n;o::;r: in tteo 410. Dcpeniir.? on th: 70/ 
direction desired, ±1 addresieJ .MI L* u set 
in ci'Llicr the icrv erd or cjckw-rJ .-r.oie. Then, 
the mo::en cer.irol pre:;ra::i at TURN.^RND 
is cr.rered a: 41:. 'I h; rr-inch conJitic.-: sc; u? 
in step AiO Ciu3C5 the TURN.ARND program 75 
to bnnch b-:/ to me Y-read procram of 
FIGURE 5?. Then, MPUV in 5*:ep 412 
determines v.hciher cr not BOT is en- 
countered. Ir it is, .MPUY checks the tacho- 
meter vcUc:t\* and nierers lipe in s:ep 4!?. 80 
li then proceeds to decision step 414 for 
dc:erm:ning whether NRZI cr PE recording 
scheme was used on the tape being read. If 
it is NRZI. .MPUY d::ermines whether or rot 
the NRZI feature was included , in the 85 
addressed .MTU If the NRZI tape is leaded 
on a MTU no; having the NRZI feature, it 
is not capable; and an errcr ccnditicn exist*. 
This is logged in step 415 and ENDUP 
routine of FIGURE 27 is entered. If it is 90 
NRZI and caoabie of being pcrformtd, 
TUR>r.\RND 411 is again entered for mov- 
ing the. tape tc the lirst record bloc!;. If PE 
was recorded on the tape, Uie PE read routine 
416 is diiectiy entered. 95 

On the other hand, if the read operation is 
in die middle of Lhc tape, BOT i» **no*' with 
decision sicp 417 being entered. If it is a 
NRZI in pi, NRZI read routine shown in 
FIGURE 34 is entered. If i: is PE, PE read lOO 
routine 416 is entered. Upon completion of 
either of th^ reed routines, terminate read 
rouuns 419 is performed. This includei error 
checking which* may cause entry of a diagnos- 
tic routine ;not described in deuil). Normal 1C5 
exitins of tennir^tc read routine 419 is to 
ENDUP routine of FIGURE 27. .\lso, d-jr- 
ing terminate read 419; a creased tape may 
be detected — that is, a tape being read may 
have a crease in i: causing no readback sisma!* 1 10 
fcr a shon period of time. This period af 
time is normally much less than an IBG. 
Knov;Ti detection schemes for dctcaing creased 
tape are used. A creased tape routine 4 IS is 
entered if the upe is stopped becau.sc cf the 115 
crease, and ENDUP routine of FIGURE 27 
is entered. Other%viso- PE read routine 416 is 
entered a.i wiil become apparent. 

The NRZI read routine of FIGURE 34 is 
entered from decision block 417 of FIGURE 120 
33. The first step in the routine is 420 in 
which MPUY scu the read mode in MPUY 
and data flow circuits 13. It also sets detec- 
tion thresholds. Initially, before the record is 
encountered- the threshold is sc: high, and 125 
after the record is encountered, it is lowered. 
This function can be performed by hardware 
sequences in data flew cirraits 13, as was per- 
formed in previcus controllers. NRZI dnta 
transfer loop 421 permits MPUY to idle 130 
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Through a pa:: cf dcdsicn sicps, while daia 
flow circuits 13 process data from tnc addres- 
sed MTU directly to INTFX. SVRTN 
routine of .MPL'X again provides coord ir.a- 

5 tion bcr,»-ccn INTFX and ihc 1/0 concrollcr. 
VC*ithin N'RZl daa trir.sfcr loop -?2l, end cf 
data is coniiivcallv scr<ed. U ihcrc is end of 
i data, M1'L"V U".:: dc:ci r.^.l:'-. > whether or not 
a tape nuri; )::\r.z r:id. 1' : t^rc mark i5 

JO being read, vaz r:ac rojiln^ if terminated. If 
a upc mark is rot Iv.inc: rc.;c*, A'PUV deter- 
mines whctii-r rr net a iilc opcriticn is being 
performed. Jf hti. t:r:Tiir::!:e rcji subroutine 
419 is entered. I;* ilii rile opirJtion is being 

15 performed, tape operation condition is reset 
mcmcnuriiy; and XRZI data trar.ifcr 421 is 
re-entered. This p».rrut.s rescuing :hc end data 
flag to allow the n:.x. data clock :c be scanned 
fcr the presence of a tape mark. 

20 During the data tran.^fcr, the addressed 
MTU may become inrapsb.c ff pcrfcrming 
the read operation. In such i sif.iaiion. ii pro- 
vides an intcrrv^pt t.'.rooch IN TFY lo MPUV. 
An interrupt frcx the addressed MTU is a 

25 BOC for MPCV. If ihcrt is no interrupt, 
MPUY idles through the two decision steps 
until end of dcta occurs. Upon detection of 
an interrupt indicating that the MTU cannot 
continue the rc2d operation, unit check is set 

30 at 422; and terminate rrad operation 419 is 
entered. This wiil be explained in some detail 
wiuh rcstjcci to read PE se: forth in FIGURE 
35. 

The read PE routine stans with setup PE 

35 read in the MIX' at 425. The preamble of 
the PE record mentioned above with respect 
' to write PE is read by the read preamble 
sequence of sifps in dash box 426. This in- 
cludes detection of beginning or record, trac- 

40 ing the BOR.- detecting vvl;e;her or not read 
operation has been set up. a^-id doing a tape 
vcIocit\' check may be performed using tacho- 
meter puises. Finally, dau ready is detected 
in step 427. This corresponds to detection of 

45 Lhe mark or 5i«nal marking the boundary 
betu-cen the preamble and the record If the 
beginning of record or read op arc turned 
nfT, special condition.^ are checked in step 428. 
Tlicsc include detcaion of sn MTU inicr- 

50 rupt, detection of a tape mark, IBG» unit 
exceptions, and the like. Such operations have 
been performed in previous I/O controllers 
and arc not discussed furrhcr for this reaion. 
If none of the special conditions are deteaed, 

,55 read preamble 426 is re-entered. If a special 
condition is detected, terminate read 419 is 
entered on FIGURE 33. 

Transfer cf actual data sicnais from the 
addressed MTU to IXTPX ocrjrs during PE 

60 data transfer 430. This includes mcr.iroring 
for IBG and MTU intcmint. If an IBG or 
MTU interrupt occurs during transfer of data, 
errors are set at 431 and terminate read is 
entcr.'d. Upcr. detection of end of data, the 

65 PE da:? transfer routine is fcrn:ira::d; and 



post-amblc checking i? performed. The end- 
of-data signal is supplied from data flow cir- 
cuits 1? to MPUY as a BOC Thl: is one of 
the status lines sho'.vn in FIGURE 2. 

In postainhic chcdung, MPUY checks 
whether or not ih.* pos-wa.Tibic is too long, too 
shoe:, or apocars as an IBG. As long as dau 
readv is icnscJ at 431, ch: postamhlc checking 
continues. .\s sron as an IBG or .\'iTU inter- 
rur: li scn>:d. tcr.niratc read is entered. If 
t>.e postcmblc is tco long or too shcrr. an end 
data chc:k is.ftagsci ind*for^**-.ried :o MPUX 
at 432. 

Terminate read routine is a micrnprogram 
version of a previously used hardware 
sequence. It is not <hown in the drawing in 
dcuil for that rcanon. The functions pcncrmcd 
include drop the move signal to the cddrcsscd 
MTU and 'continue to monitor the read bus 
until MTU is stopped. This is a vc:rci:>* checi: 
performed by coun:ing uchomcter puises. If 
a read data signal is received from INTFX 
via MPUX, the move ug to the e::dr?$'.c.i 
MTU is again raised: and the read c?:ra:ion 
is re-cnicrcd as shown by line 433 of FIGURE 
33. In the iaacr situation Lhere is a pcbsibility 
of a creased tape. Raising or activatmg ihi 
nove tag enables the system tag to reed data 
signals after traversing a icpc crca.--'. 

'Rcsoonse of I/O controller 11 to a sense 
co:r.mand bv :%;PUX v.-as described in detail 
with respect to FIGURE 24. In thai routine, 
MPUX trapped MPUY to the MPUY s sense 
prnrram shovvn in FIGURE 36. Upon being 
trapped. MPUY fetches two sense byiei from 
the MTU. Then, at 435. MPUY indexes lo 
the next two MTU rense bvtc^ b:* changing 
the contents of the TUEO. S\PV\ then trans- 
fers both bytes of data to YA and YB respec- 
tively and sets stat C as set forth in 436. A 
decision a-c!c is then entered at 43^ First, 
.MPUY senses whether or not the stop flag 
from MPUX is on. This is one of the stat bits 
in resistor S9 of FIGURE 3. If the stop flag 
is on? MPUY merciv waits MPUX. If it is not 
on, it senses for MPL'X stat C It n?ay be re- 
called from the dcvription of FIGURE 24 
that when MPUX h.is transferred boih sense 
bvies from reci5icr> YA and YB to INTFX, it 
sets stat C MPUY must wait until MPUX 
has stat C Then it goes tn a set of decision 
steps 43S. Acain, the stop tlag is sensed and 
MPUY waits" for .MPUX stat C It should be 
on, and then proceeds to clear the LSR sense 
hvte me.*nor\- locatiom at 439. Finally, in 
decision step 440, MPUY checks whether or 
no: all the sense bnes have been forwarded to 
.MPUX. If not- the sense routine is re-entered 
for fetching rft-o additional sense bncs. If the 
5ef:*c operation is completed, it goes to wait 
MPUX. 

Microprogran^ Contrcl of Data Flow 
Grcuits 13 

Referring now more particularly to 
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FIGURE 37, I/O conrrollcr U is sho'A-n in 
simplified form acccniiug ih; rdaiicnship 
bcnvccn MPUX, .MPUY, ird dau dow cir- 
cuits 13. AlPUX gcncni!;/ con:rols the lef:- 

5 hand porrion of data flew circuits 13 in an 
intimc:; man::cr aiid provides luprrv'isrr.' 
conirc] luncticns v. ::i. t.^^t to tii; ri^r.r- 
hand pcrJc::. MrU'i' r:v\id£s a£t:ii!.;J con- 
trol over ihc XR2I c.riui: iO:^ PE 

10 da-jc: circuit !U3. 2:\i c:*.:;:cl 104. It also 
«*jpp!ic.; diia-rnic cor/rol <:g.:^)s to v.t:;: lim- 
ing and control circuits W). 

Firstly, the rc;.''.i!'M*hi-'» hcrvjcn MPc.'X 
and dat'.; flow circui:? IS L described. Sta: I 

15 fron; MPUX srarj: !c:3i:>:cr S9 .FIGURE 3; 
selectively cnabic .WD cir-'uits 444. AXL> 
circuits 444 ihe.T par j • icn::^ trom XA rciiiaicr 
H 10 dniA fic'.v stems' :ir:\;i'S 4: ;a set o: 
gates;. Data fiow i .itu: 4-?5 a -co rcc-ivcs 

20 hardwire sigr.ils mot th-^ui; ftr^m dat: f.ow 
circuits !3 show^nf: ;pc."ti:>r?^i nziuiy i.e., 
data c'.iffl:. v.Tite c:;:V^. ^riJ iJu- lik^. Out- 
put sienais from data v statul^ 445 r.re sup- 
plied 'through OR circuitj 446 lo CBI cabic 

25 30- 

XA register 2\so supplies its iignj's :o \oziZ 
circuits ^47 which decode ihc signals for 
genera ti::g special control signals 5 applied 
over lir.c 44 S. These special control signal* ere 
30 used ;n co.-nccticn with dis gnostic procedures 
which arc no: further described. In connec- 
tion therewith, the stai 0 bi: from MPUY 



register 89 is scpplijd over line 449 to beic 
cireuiis 447. These are con:b:n:d to iointly 
con'-rol cpcratirn of '.vriie litning and control 35 
circuit U! as well as cor.iro! cireuii> 104. 
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dirring data tnnafcr cpcra- 
t:cr.<, provi-.c ccr.r.,:c::;'ns in loop v.-riie-to- 
re;J dierr.ojtics. i.e., dau icjeivcd from 
fNTFX i"' no: a^tu^Uy rcc?recd cn w'-: tape, 
rtcerd tnpe r;erk . ar.j perfcrnii selected hard- 
var: chc:;:» under d:^cr.c3:ie cr.nirri. AND 
cireuir? 450 ere lointlv re:pcr.sive to signals 
in XA r:2-::cr 14 ar.d .MPUV sta: 0 being 
active to -urpty a write iniuav.- oignai to c;.'>n- 
rrcl c:rc::::s *U1. Circuits 111 rcsror.d tn the 
vv-r;:e corr;:::::nd frr initiatin* signri g.*rcra- 
lior. end j>upr-ly:p.c yignals ever cable 33 10 
the 3id::si:d .MTU." In a similar manner, 
!??iv circuit'. 451 ere j^intlv reiponsivc to 
\\Li> fror* XA rrpster 14 and Met ^) of .MPUV 
to supply a read command sicnal over lin* 
4:' 2 ;r ccmirol c;r;u:L< For cv.ir^rle. 

register XA may oc .:n S-t".: rccisicr: cid bi: 
4 being ac;ivo iimui.ancou:!'- v.rji .MPUV 
sta: 0 beinc cc:iv: indicates ::!::iate rec J. Con- 
trol circuits lO 'r rcspo::d to rl.c read ccminan 1 
sicnal on line 452 in the s.-.:v.: mann:r tlia: 
previcus hardw.irc-r.:ouence contrcUers 
ponded to an in^tiaic read cc'imand 
over the data channel. 

Th; deta fJov.- control v.-i:h:n circuits 13 are 
set fonh belov.- in Table II: 
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TABLE I! 
Data rio*v Circuits Command Scruviure 



75 



80 
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Command 
Transfer XA to TIE 
Special Diegrostic Commanrib 
Write 
Read 

Transfer Sense 2vtc A to CBI 
Tranrfer Senf: Bv;e B to CBI 
NR21 Las: Mode Set 
Select PE Mode 
Select Forward 
L-owcr Threshold 
FORCE (enable detection) 
Data Rate 



Active Bit! 

iMPUX Ste: -s 
XA-0, MPL"V Stat 0 
XA-1. iMPUY Stat 0 
XA-4, .\\PUV Stat 0 
XA-6, MPUX Stat I 
XA-7. MPUX Stat 1 
XA-7 
YA-O 
YA-1 
YA-2 
YA-4 

Decode YA-f. ^. 7 



In the ahove table, the active bii^ indicate 
that when z binary* "1" is raorcd in a particu- 
lar bit that the command function on ihc left 
side of the Tabic is pericnneJ. For example, 
tic content.- of resistor XA arc tranfferrcd to 
T!E reeister wi'ji'in data flow circuits when- 
ever MP'JX Stat 4 i; active. TIE register is 
used by the crrcr detection and carreer ion cir- 
cuit to correct hit: in accordance with the 
indicated rracl: in error. Special diagnostic 
co*nfr.anJ> are trjr.ff erred unci: ih.* XA bit 
0 rcpjter {XA-O. is active and .MPUY st::t 
0 is active. Similarly, as i:rcvious!v cr:p'a;ned. 
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to be understood tha: controls 111 and 104, 



upon receipt of a write i-r rc."iJ .ommand. may 95 
perform add it ionai logic decision*- b-zfore actual 
reading or writing is cilccic.i. Such additional 
logic derisions arc those used in pr:nr I/O 
controllers. F^eh d-ita dow circuit 13 may 
generate two sense b>tcs A and B which indi- 100 
cate various status for the data flrvv circuits. 
For example, sense bnc A may represent PE 
status whereas sense byte B may represent 
NR2I status. The bit? from the YA register 
arc no: gnrc.i to data flo*v circuit, hit ere 105 
ir.::: f erred dir;c:lv to effect control. For 
e'-.".?ie, select PE made is generated M*:thin 
r'.ovv circuits 13 whenever Y.A register 
:i activr. If bit 0 is net active, the NRZI 
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mode is sciccic^. SLuihriy, fcnvnrd mode ef 
operation is scl::::i if YA-1 is sc:ivc and ihe 
backward mode whenever YA-1 is inactive. 
Dau rate for iransferrine da:^ from the 

5 addressed MTU is decoded by the three YA 
. bits 5, 6 and 7. For cxampic. various MTU's 
may be anachci to J.VITY. These may trans- 
port tape a: drilc^;:;: vciociiics. lor example, 
. 75 ips, 125 in>: 200 in*, r.nd the like. This 

10 information h c:.::->itd ;r. tli-j rhroc bits pro- 
viding fjr mi::ji-iu.-n oi tiyh: uirlcrcnt AITU 
ipccds. 

The implcn:.T.:ari./r: of Tabic 11 from 
register YA to cGr.:.-ci crrcvits !04 is shown 
15 in abbreviated tcu-n m . Figure 37. 

WHAT WE CLALVi !S: — 
1- Data proctzsii'^r cpparatu' ccnrrising a 
data channel con:r'.il;r :n:Itjdi»g lirji and 
second in:crfa:e p?.i;.;n', icch portion being 

20 adapted for dillcrcn: . ianil f -rmai.-, ds:a Sow 
circuits clccthcaliy ii:terpc^d b-:iv.\:cn said 
ponion.'; ar.d c?c:a:;v- r-: alter infyrmation- 
bcaring sirnals in aczcrJar.ct with ^aid signal 
formats v.h:r;by sig'.aii may be c:;chin§cd 

25 between said portions, and a plurality of 
microprorrammcd unit? eadi having a 
mcmsry, an input and an output portion, first 
and second of said rricroprorrammcd units 
b;ing rcspcaivcly cperarivcly ::sscciatcd with 

30 said nrs: and ^ecrnd interface portions and 
being prosramrr.cd to exchange control and 
data sigiiali therewith, tirst and second sets 
of exchange rc--:i«iCrs respectively conneaed 
to said first nnd second microprogrammed 

35 unius and adapter to receive :civlt signals 
.» herefrom and >bpply said resuU signals to 
said da:a flow circuits to contra! same to alter 
said information-bc.iring signr!? : and nrst and 
second gatinc- means rrsocaivfiy iontrpllej by 

40 said nrsi and riccor.i micrcprc^ramincd unio 
10 gate said rzniii signils from said second 
and first exchange rcgistcn respectively into 



said first and second micruprogrammeJ units. 

2. Dau processmg apparatus as clained in 
claim 1, in which said fint microprogrammed 45 
unit is operative to sample one of said ex- 
diange registers of said second micrcpro- 
grammed unit while said one exchange 
register is supplying signals to said data tlow 
circuits for monitc^ring operation thereof 50 
whereby said hrst microprogrammed unit 
exercises siir.ulraneous supervisory- control ever 
j.tid second microproerammed unit and ^aiJ 
d.-*;a fiow circui'.s to effect programming co- 
ordinarion bcr.vecn .-.aid hrsi and second 55 
microprogrammed units. 

3. Data processing apparatus as clninr.^d in 
1 or 2 including a third microprogrammed 
unit in said data flow circuits being jointly 
responsive to said first and seccnd niiirspro- 60 
grammed units to perform signal-processing 
cpe rations in accordance with signals received 
from said hrsr and second sets of exchange 
registers. 

4. Dau processirig apparaais as claimed m 55 
any one of claims 1,2 or 5. in which a p!ur- 
ai:r>- of record-media transpcning devices arc 
connected to said second interface portion and 

arc responsive to address signals for jnitiating 
an active condition, and said first micropro- 70 
grammed unit has an address register ccn- 
rccted to all of said record-media devices for 
addressing the devices, and all other connec- 
tions between said controller and said record- 
media devices arc made through said second 75 
microprogrammed unit and said data flow 
means. 

5. Dau processing apparatus substantially 
as hcrrinbefore described w::h reference to the 
accompan>-ing drawings. 

JOinC E APPLETOX, 
Chanercd Patent Agent, 
Agent for the AppLcants. 
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